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(54) Negative-working resist composition 

(57) A chemical amplification syste m negative-working resist compositio n for an electron beam and/or an X-ray, 
which is excellent in sensitivity and resolution and has a rectangular profile, comprising an alkali-soluble resin having 
structural units represented by the following general fomnula (a), a compound generating an acid by irradiation of the 
electron beam or the X-ray, and a crosslinking agent which initiates crosslinking by the acid: 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present Invention relates to a negative-worKing resist connposition suitably used in an uttramlcrolrthogra- 
phy process or another photofabrication process for the production of VLSIs (very large seal integration) or high 
capacity microchips. More particularly, the invention relates to a negative-working photo resist composition which can 
fomri highly miniaturized pattems by use of X-rays or electron beams, and especially to a negative-working resist com- 
position which can be suitably used in miniaturization processing of sem Conductor devices by use of high energy 

10 beams such as electron beanns. 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuits have been progressively Increased In their integration degree, and therefore processing 
15 of ultra-micro pattems having a line width of a half micron or less has become necessary in the production of semi- 
conductor substrates for VLSIs. For fulfilling this necessity, the wavelength of light used in an exposure apparatus 
employed for photolithography becomes progressively shorter, and now, far ultraviolet light and excimer laser light 
(such as XeCI, KrF or Arf^ has been studied. Further, the formation of more micro pattems with electron beanr^ or X- 
rays has been studied. 

20 [0003] In partfcular, electron beams or X-rays are placed as advanced or further advanced technology of pattern 
formation, and the development of negative resists whbh can attain high sensitivity, high resolution and a rectangular 
profile has been desired. 

[0004] Electron beam lithography is technology in whch accelerated electron beams emit energy in the course of 
colliding with atoms constituting reset materials to cause scattering, thereby exposing the resist materials. The use of 

25 highly accelerated electron beams increases the rectilinear propagation and reduces the influence of electron scatter- 
ing, whk:h makes it possible to form rectangular pattems having high resolution. On the other hand, it increases the 
pemieability of electron beams, resulting in lowered sensitivity. As described above, in the electron beam lithography, 
there is the trade-off relationship between the sensitivity and the resolution/resist shape, and it has been a problem 
how to allow them to be compatible with each other. 

30 [0005] With respect to chemical amplifksation type negative resists, various alkali-soluble resins have hitherto been 
proposed. JP-A-8-162717 (the tenm "JP-A" as used herein means an "unexamined published Japanese patent appli- 
cation) discloses partially alkyi etherified polyvinylphenol, JP-A-6-67431 and JP-A-1 0-1 0733 disclose copolymers of 
vinylphenol and styrene, Japanese Patent No. 2505033 discloses novolak resins, and JP-A-7-311463 and JP-A- 
8-292559 disclose monodisperse polyvinylphenol. However, these alkali-soluble resins have not allowed the sensitivity 

35 under irradiation of electron beanr^ or X-rays to be compatible with the resolution/resist shape. 

[0006] In addition, with respect to chemk^al amplifbation type negative resists, various acid generating agents have 
hitherto been proposed. JP-B-8-3635 (the term "JP-B" as used herein means an "examined Japanese patent publica- 
tion") discloses organic halogen compounds, JP-A-2-150848 and JP-A-6-1 99770 disclose iodonium salts and sulfo- 
nium salts, JP-A-2-52348, JP-A-4-367864 and JP-A-4-367B65 disclose acid generating agents containing CI or Br, JP- 

40 A-4-21 0960 and JP-A-4-21 7249 disclose diazodisulfone and diazosulfone compounds, JP-A-4-226454 discloses tri- 
azine compounds, and JP-A-3-87746, JP-A-4-291259, JP-A-6-236024 and U.S. Patent 5,344,742 disclose sulfonate 
compounds. However, these acid generating agents have failed to overcome the trade-off relationship between the 
sensitivity and the resolution/resist shape under irradiation of electron beanis. 

[0007] Further, as to crosslinking agents, methylolmelamine, resol resins, epoxidated novolak resins and urea resins 
have hitherto been used. However, these crosslinking agents are unstable to heat, so that they have a problem with 
regard to storage stability when used in resist solutions. Furthermore, they have failed to satisfy required characteristics 
of high sensitivity, high resolution and rectangular resist shape under irradiation of electron beams. 

SUMMARY OF THE INVENITON 

50 

[0008] It Is therefore an object of the invention to solve the problems In respect to techniques for improvl ng the original 
performance in miniaturization processing of semiconductor devices using el ectron beams or X-rays, and to deve lop 
chem jcal amplifte ation system negative-working resist co mpositions for electron beanns or X-rays satisfying the char- 
acteristics of sensitivfty and res"olutron/resist"shape to the use of the electron beanns or the X-rays. 
55 [0009] As a result of intensive studies, the present inventors have known that the above-mentioned various objects 
of the invention are attained by the us of specific alkali-soluble resins, depending on the typ of radiation-sensitive 
composition, thus completing th Invention. 

[0010] That is to say, these and other objects of the invention are attained by the following: 



2 
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(1) A chemical amplification system negative-working resist composition for an electron beam and/or an X-ray 
comprising an alkali-soluble resin having structural units represented by the following general fomnula (a), a com- 
pound generating an acid by inradiation of the lectron beam or the X-ray, and a crosslinking agent which initiates 
crossiinking by the acid: 




wherein represents a hydrogen atom, a halogen atom, a cyano group, or an alky I, oxyalkyi or haloalkyi group 
which may have a substituent; X represents an integer of from 0 to 3; R2 represents a hydrogen atom, or an alkyi, 
cycloalkyi, aikenyl, aralkyi, aryl or acyl group which may have a substituent, wherein aplurality of R2' s are present, 
they may be the sarnie or different; R3 represents a hydrogen atom, a halogen atom, a cyano atom, or an alkyI, 
cycloalkyi, aikenyl, aralkyi or aryl group whbh may have a substituent, wherein a plurality of R3* s are present, 
they may be the same or different; two of the plurality of R2' s, two of the plurality of R3' s, or R2 and R3 may 
combine with each other to fomi a ring; represents a single bond, or a divalent alkylene, alkenylene, cy- 
cloalkylene or arylene group which may have a substituent, or -0-, -SOg-, -O-CO-R5-, -CO-O-Rg- or -CO-N(R7)- 
R3-, wherein R5, Rg and Rg, whk:h may be the same or different, each represents a single bond, or a divalent 
alkylene, alkenylene, cycioalkylene or arylene group which may have an ether group, an ester group, an amido 
group, a urethane group or a ureido group and may further have a substituent, and R7 represents a hydrogen 
atom, or an alkyI, cycloalkyi, aralkyi or aryt group which may have a substituent; 

(2) The negative-woricing resist composition described in the above (1), wherein the alkali-soluble resin is a resin 
containing structural units represented by the following general formula (1 ): 




wherein R^^ represents a hydrogen atom or a methyl group; 

(3) The negative-working resist composition described in the above (1), wherein the alkali-soluble resin is a resin 
represented by the following general fonnula (2): 
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wherein Ria^o Rs^each independently represents a hydrogen atom ora methyl group; Rgato ^Ha ^^h represents 
a hydrogen atom, an aikyi or allcoxyl group having from 1 to 4 carbon atoms, a hydroxyl group or -C (=0) 0-Ri4a, 
wherein H^^^ represents a hydrogen atom or an alkyi group having from 1 to 4 carbon atonr^s; R^ga ^epr sents 
-C00R^53, wherein represents a hydrogen atom or an alkyl group having from 1 to 4 carbon atoms; and 0<1 
5 g 1 00, 0 ^ m,n,o,p<1 00 and l+m+n+a^p=1 00; 

(4) Th negative-working resist composition described in th above (1 ), (2) or (3), wherein the radiation-sensitive 
acid generating agent contains at least one of compounds represented by the following general formulas (I) to (I II): 



10 



15 



20 





wherein R^ to R37 each represents a hydrogen atom, an alkyl group, an alkoxyl group, a hydroxyl group, a halogen 
atom or a group indicated by -S-Rgg, wherein R3Q represents an alkyl group or an aryl group; R^ to R^s 
the same or different; for R^ to R^g, two or more selected therefrom may be combined with each other directly at 
their ends or through an element s lected from the group consisting of oxyg n, sulfur and nitrogen to form a ring 
stmcture, for R^e to Rgy, a ring structure may also be fomried similariy, and for R28 to R37, a ring structure may 
also be formed similariy; and X' represents an anion of an acid selected from the group consisting of benzenesul- 
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fonic acid, naphthalenesulfonic acid and anthracenesulfonic acid, or an acid having at least one organic group 
selected from the group consisting of an alky I group, an alkoxyl group, an acyl group, an acyloxyl group, a sutfonyl 
group, a sulfonyloxy group, a sulfonylannino group, an aryl group, an aralkyl group and an alkoxycarbonyl group; 

(5) The negative-working resist composition described in any one of th above (1 ) to (4), wherein the crosslinking 
agent whbh initiates crosslinking by the acid Is a phenol derivative having from 3 to 5 benzene ring atomk: groups 
in its molecule and a molecular weight of 1 200 or less, each of the benzen ring atomic groups having two or more 
hydroxymethyl groups and/or alkoxymethyl groups; 

(6) The negative-working resist composition described in any one of the above (1 ) to (5), which further comprises 
an organb basic compound; 

(7) The negative-working resist composition described in any one of the above (1) to (6) which further comprises 
a fluorine and/or silicon surfactant; 

(8) The negative-working resist composition described in any one of the above (1 ) to (7), wherein the alkali-soluble 
resin has a molecular weight distribution (Mw/Mn) of from 1 .0 to 1 .5; and 

(9) The negative-working resist composition described in any one of the above (1 ) to (8), wherein the alkali-soluble 
resin has a weight average molecular weight (Mw) of from 2000 to 9000, 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] The compounds used in the invention are described below. 

(1) Alkali-Soluble Resins Used in the Invention 

[0012] The alkali-soluble resins used In the Invention are compounds containing structural units represented by the 
following general fomnula (a) : 



wherein R^ represents a hydrogen atom, a halogen atom, a cyano group, or an alkyi, oxyalkyi or haloalkyi group which 
may have a substituent; x represents an integer of from 0 to 3; R2 represents a hydrogen atom, or an alkyI, cycloalkyi, 
alkenyl, aralkyl, aryl or acyl group which may have a substituent, wherein a plurality of ® present, they may be 
the same or different; R3 represents a hydrogen atom, a halogen atom, a cyano atom, or an alkyI, cycloalkyi, alkenyl, 
aralkyl or aryl group whk:h may have a substituent, wherein a plurality of R3' s are present, they may be the same or 
different; and two of the plurality of R2's, two of the plurality of R3's, or R2 and R3 may combine with each other to form 
a ring. 

[0013] A^ represents a single bond, or a divalent alkylene, alkenylene, cydoalkylene or arylene group which may 
have a substituent, or -0-, -SO2-. -O-CO-R5-, -CO-O-Re-or-CO-N {R7)-Ft-, wherein R5, Rg and Ra, which may be the 
same or different, each represents a single bond, or a divalent alkylene, alkenylene, cydoalkylene or arylene group 
whrch may have an ether group, an ester group, an amido group, a urethane group or a ureldo group and may further 
have a substituent, and Ry represents a hydrogen atom, or an alkyI, cycloalkyi, aralkyl or aryl group whk;h may have 
a substituent. 

[0014] The alkyI group for R^ to R3 and Ry is preferably an alkyI group having 1 to 8 carbon atoms, and examples 
thereof include methyl, ethyl, propyl, n-butyl, sec-butyl, hexyl, 2-ethylhexyl and octyl. The cycloalkyi group for R2> R3 
and R7 may be either monocyclic or polycyclic. The monocyclic group Is pref rably a group having from 3 to 8 carison 
atoms, such as cyclopropyl, cyclopentyl or cycloh xyl. The polycyclic group is preferably, for xample, adamantly, 
norbornyl, isobomyl, camphanyl, cyclopentyl, a-plnel ortricyclodecanyl. 
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[0015] The alkenyl group for R2 and R3 is preferably an alkenyt group having from 2 to 8 carbon atoms, such as 
vinyl, allyl, butenyl or cyclohexenyl. The aryl group for R2, R3 and R7 is preferably an aryl group having fronn 6 to 15 
carbon atonns, such as phenyl, tolyl, dimethylphenyl, 2,4,6-trlmethylphenyl, naphthyl or anthryl. The aralkyi group for 
Rg, R3 and R^ is preferably an aralkyi group having from 7 to 12 carbon atonis, such as benzyl, phenethyl or naphthyl- 
m thyl. 

[0016] The oxyalkyi group for R^ is preferably an oxyalkyi group having fronr) 1 to 4 carbon atoms. Examples thereof 
include an alkoxyl group having from 1 to 4 carbon atoms, such as hydroxy I, methoxy, ethoxy or butoxy, and an oxyme- 
thyl, oxyethyl, oxypropyl or oxybutyl group substituted by an acyl group having from 1 to 4 carbon atoms, such as 
acetoxy, propanoyloxy or butanoyloxy. The haloalkyi group for R^ is preferably a haloalkyi group having from 1 to 4 
carbon atoms, such as chloromethyl, chloroethyl, chloropropyl, chlorobutyl, bromomethyl orbromoethyl. The acyl group 
for R2 is preferably an acyl group having from 1 to 1 0 carbon atoms, such asfomnyl, acetyl, propanoyi, butanoyi, pivaloyi 
or benzoyl. 

[0017] The alkylene group for A^, R5, Re and R3 is preferably an alkylene group having from 1 to 8 carbon atoms, 
such as methylene, ethylene, propylene, butylenes, hexylene or octylene. The alkenylene group is preferably an alke- 
nylene group having from 2 to 6 carbon atoms, such as ethenylene, propenylene or butenylene. The cycloalkylene 
group is preferably a cycloalkylene group having from 5 to 8 carbon atoms, such as cyclopentylene or cyclohexylene. 
The arylene group is preferably an arylene group having from 6 to 12 carbon atoms, such as phenylene, tolylene, 
xylylene or naphthylene. 

[0018] These groups may further have substituents. The substltuents include, for example, an active hydrogen- 
containing group such as amino, amido, ureido, urethane, hydroxyl or carboxyl, a halogen atom (fluorine, chlorine, 
bromine or iodine) , an alkoxyt group (methoxy, ethoxy, propoxy or butoxy), a thioether group, an acyl group (acetyl, 
propanoyi or benzoyl) , an acyloxy group (acetoxy, propanoyloxy or benzoyloxy), an alkoxycarbonyl group (methoxy- 
carbonyl, ethoxycarbonyl or propoxycarbonyl) , a cyano group and a nitro group. In particular, the active hydrogen- 
containing group such as amino, hydroxyl or carboxyl is preferred. 

[0019] The ring fonned by combination of two of the plurality of R2's; two of the plurality of R3*s, or Rg and R3 is 
selected from 4- to 7-membered rings that may contain heteroatoms (such as oxygen, nitrogen and sulfur). Prefen-ed 
examples of the ring structures formed include a benzofuran ring, a benzodioxonol ring, a benzopyran ring, an indole 
ring, a benzimklazole ring, a benzopyrazole ring and a benzothiophene ring. 

[0020] The structural units of the invention represented by general formula (a) are preferably structural units repre- 
sented by general formula (1 ). 

[0021 ] The alkali-soluble resin of the invention may consist of only the structural units represented by general formula 
(a) or (1 ). However, for improving the performance of the negative-working resist of the invention, another polymerizable 
monomer may be copotymerized. 

[0022] The followingmonomers can be used herein as the comonomers. For example, they are compounds each 
having one addrtion-polymerizable unsaturated bond, selected from acrylates, acrylamide compounds, methacrylates, 
methacrylamide compounds, allyl compounds, vinyl ethers, vinyl esters, styrene compounds and crotonates. 
[0023] Specifbaily, the acrylates include, for example, alkyi (preferably, alkyl has from 1 to 1 0 carbon atoms) acrylates 
(e.g., methyl acrylate, ethyl acrylate, propyl acrylate, t-butyl acrylate, amyl acrylate, cydohexyl acrylate, ethylhexyl 
acrylate, octyl acrylate, t-octyl acrylate, chloroethyl acrylate, 2-hydroxyethyl acrylate, 2,2-dimethylhydroxypropyl acr- 
ylate, 5-hydroxypentyl acrylate, trimethylolpropane monoacrylate, pentaerythritol monoacrylate, glycidyl acrylate, ben- 
zyl acrylate, furfuryl acrylate and tetrahydrofurfuryl acrylate), and aryl acrylates (e.g., phenyl acrylate). 
[0024] The methacrylates include, for example, alkyl (preferably, alkyl has from 1 to 1 0 carbon atoms) methacrylates 
(e.g., methyl methacrylate, ethyl methacrylate, propyl methacrylate, isopropyl methacrylate, t-butyl methacrylate, amyl 
methacrylate, hexyl methacrylate, cyclohexyl methacrylate, benzyl methacrylate, chlorobenzyl methacrylate, octyl 
methacrylate, 2-hydroxyethyl methacrylate, 4-hydroxybutyl methacrylate, 5-hydroxypentyl methacrylate, 2,2-dimethyl- 
3~hydroxypropyl methacrylate, trimethylolpropane monomethacrylate, pentaerythritol monomethacrylate, glycidyl 
methacrylate, furfuryl methacrylate and tetrahydrofurfuryl methacrylate), and aryl methacrylates (e.g., phenyl meth- 
acrylate, cresyl methacrylate and naphthyl methacrylate). 

[0025] The acrylamide compounds include, for example, acrylamide, N-alkylacrylamides (alkyl has from 1 to 10 
cartx)n atonns, such as methyl, ethyl, propyl, butyl, t-butyl, heptyl, octyl, cyclohexyl, benzyl or hydroxyethyl), N-arylacr- 
ylamides (aryl includes, for example, phenyl, tolyl, nitrophenyl, naphthyl, cyanophenyl, hydroxyphenyl and carboxy- 
phenyl), N,N-dialkylacrylamides (alkyl has from 1 to 10 carbon atoms, such as methyl, ethyl, butyl, isobutyl, ethylhexyl 
or cyclohexyl), N,N-diarylacrylamides (aryl is, for example, phenyl), N-methyl-N-phenylacrylamide, N-hydroxyethyl-N- 
methylacrylamide and N-2-acetamidoethyl-N-acetylacrylamide. 

[0026] The methacrylamide compounds include, for example, methacrylamide, N-alkylmethacry lam ides (alkyl has 
from 1 to 10 carbon atonos, such as methyl, ethyl, t-butyl, ethylhexyl, hydroxyethyl or cyclohexyl), N-arylmethacryla- 
mides (aryl is, for xample, phenyl), N,N-dialkylmethacrylamides (alkyl is ethyl, propyl or butyl), N,N-diarylmethacry- 
lamides (aryl is, for example, phenyl) , N-hydroxyethyl-N-methylmethacrylamide, N-methyl-N-phenylmethacrylamide 
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and N-ethyl-N-phenylmethacrylamid . The allyl compounds include, for exannple, altyl sters (e.g., ally I acetate, ally I 
caproate, allyl caprylate, allyl laurate, allyl palmitate, ally! stearate, allyl benzoate, ally I acetoacetate and allyl lactate), 
and altyloxyethanol. 

[0027] Th vinyl ethers include, for example, alkyi vinyl ethers (e.g, hexyl vinyl ether, octyl vinyl ether, decyl vinyl 
ther, ethylhexyl vinyl ether, methoxyethyl vinyl ether, ethoxyethyl vinyl ether, chloroethyl vinyl ether, 1-methyl- 
2,2-dim thylpropyl vinyl ether, 2-ethylbutyl vinyl ether, hydroxyethyl vinyl ether, diethylene glycol vinyl ether, dimethyl - 
aminoethyl vinyl ether, diethylaminoethyl vinyl ether, butylaminoethyl vinyl ether, benzyl vinyl ether and tetrahydrof ur- 
furyl vinyl ether) and vinyl aryl ethers (e.g., vinyl phenyl ether, vinyl tolyl ether, vinyl chlorophenyl ether, vinyl-2,4-dichlo- 
rophenyl ether, vinyl naphthyl ether and vinyl anthranyl ether). 

[0028] The vinyl esters include, for example, vinyl butylate, vinyl isobutylate, vinyltrimethyl acetate, vinyldiethyl ac- 
etate, vinyl valerate, vinyl caproate, vinyl chloroacetate, vinyl dichloroacetate, vinyl methoxyacetate, vinyl butoxyace- 
tate, vinyl phenylacetate, vinyl acetoacetate, vinyl lactate, vinyl-p-pheny)butyrate, vinyl cyclohexylcarboxylate, vinyl 
benzoate, vinyl salicylate, vinyl chlorobenzoate, vinyl tetrachtorobenzoate and vinyl naphthoate. 
[0029] The styrene compounds include, for example, styrene, alkylstyrenes (e.g., methylstyrene, dimethylstyrene, 
trimethylstyrene, ethylstyrene, diethylstyrene, isopropylstyrene, butylstyrene, hexylstyrene, cyclohexylstyrene, decyl- 
styrene, benzylstyrene, chloromethylstyrene, trifluoromethylstyrene, ethoxymethylstyrene andacetoxymethylstyrene), 
alkoxystyrenes (e.g., methoxystyrene, 4-methoxy-3-methylstyrene anddimethoxystyrene) , halogen styrenes (e.g., 
chlorostyrene, dichlorostyrene, trichlorostyrene, tetrachlorostyrene, pentachlorostyrene, bromostyme, dibromostyme, 
iodostyrene, fluorostyrene, trifluorostyrene, 2-bromo-4-trifluoromethylstyrene and 4-fluoro-3-trrfluoromethylstyrene) , 
carboxystyrene and vinylnaphthalene. 

[0030] The crotonates include, for example, alkyI crotonates (e.g., butyl crotonate, hexyl crotonate and glycerol 
monocrotonate). The comonomers also include dialkyi itaconates (e.g., dimethyl itaconate, diethyl itaconate and dibutyl 
itaconate) , dialkyi esters of matec acid orfumaric acid (e.g., dimethyl maleate and dibutyl fumarate), maleic anhydride, 
maleimide, acrylonitrile, methacrylonitrile and maleylonttrile. In addition, the comonomers may generally be any as 
long as they are addition-polymerlzable unsaturated compounds that are copolymerizable. 

[0031] Of these, monomers improving alkali solubility, for example, carboxyl group-containing monomers such as 
carboxystyrene, N- (carboxyphenyl) acrylamide and N-(carboxyphenyl)methacrylamide, and maleimide, are preferred 
as the copolymerization components. 

[0032] The content of the polymerizable monomers in the resins in the invention is preferably 50 mol% or less, and 
more preferably 30 mol% or less, based on the total repeating units. 

[0033] Specifk: examples of the resins having repeating structural units represented by general formula (a) are shown 
below, but the present invention is not limited thereby 




(1) 



(2) 



CH3 
(3) 
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[0034] n in the above-mentioned specrfic examples indicates a positive integer. X, y and z indicate molar ratios of 
^ resin composition. In a two-component resin, x ranging from 30 to 95 and y ranging from 5 to 70 are used, and preferably, 
X ranging from 50 to 90 and y ranging from 10 to 50 are used. In a three-component resin, x ranging from 30 to 90, y 
ranging from 5 to 65 and z ranging from 5 to 65 are used, and preferably, x ranging from 50 to 90, y ranging from 5 to 
45 and z ranging from 5 to 45 are used. 

[0035] The alkali-soluble resins of the invention may contain other repeating structural units, as well as the structural 
25 units represented by general fonmula (a) or (1 ). The copolymerization components which may be contained are pref- 
erably repeating structural units corresponding to the following monomers (4) to (7). 

[0036] The alkali-soluble resins having the repeating unite represented by general fomnula (1 ) used in the invention 
can be obtained by radical polymerization or living anion polymerization of the following monomer (3), optionally with 
the following monomers (4) to (7): 

30 
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[0037] In the above, R^a to R^2a ^^^ve the same meanings as described above. Of the above, when a monomer 
having a hydroxyl group in its molecule is used, a process is prefen-ed in which the hydroxy 1 group is previously pro- 
tected, and the protecting group is removed after polymerization. 

[0038] In the invention, the content of the repeating structural units represented by the above-mentioned general 
fomriula (1) in the resin may be any as long as the effect of the invention can be produced. Specifically, the content 
thereof is preferably from 30 mol% to 100 mol%, and more preferably from 50 mol% to 90 mol%. 
[0039] In the invention, the alkali-soluble resins are preferably resins represented by general fomnula (2) , whereby 
the effect of the invention becomes more significant. 

[0040] to RgQ of general fonnula (2) each represents a hydrogen atom or a methyl group. An alkyi group or 
alkoxyl group having from 1 to 4 carbon atoms for Rga to R^-jg. and R^g^ may be either straight-chain or branched. 
The alkyI groups include methyl, ethyl, propyl, isopropyl, butyl, isobutyl and t-butyl, and the alkoxyl groups include 
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy and t-butoxy. 

[0041] Ri3a represents a branched or cyclto alkyI group, which may be substituted, having from 1 to 1 0 carbon atoms 
(specifically, such as ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, cyclohexyl, cyclohexylethyl or phenoxyethyl), an 
aryl group, whbh may be substituted, having from 6 to 20 carbon atoms (specifically, such as phenyl, tolyl, xylyl, 
biphenyl, naphthyl, halogen-substituted phenyl or nitro-substituted phenyl), or an aralkyi group, whbh may be substi- 
tuted, having from 7 to 20 carbon atoms (specif bally, such as benzyl, phenetyl or phenylpropyl). 
[0042] In general formula (2), 1 is from more than 1 to 1 00, preferably from more than 30 to 1 00, and more preferably 
from more then 50 to 90. m, n, o and p are each from 0 to less than 1 00, preferably from 20 to 70, and more preferably 
from 30 to 50. l+m+n+o+p is 1 00. 

[0043] It is preferred that the alkali-soluble resins thus obtained have a weight average molecular weight ranging 
from 1 ,000 to 30,000. Less than 1 ,000 causes an increase in the film decrease of exposed areas after development, 
whereas exceeding 30,000 results In decreased developing speed. The more prefen^ed range is from 2,000 to 20,000, 
and the partbularty prefen-ed rang is from 2,500 to 15,000. 

[0044] The weight average molecular weight of the alkali-soluble resins particularly preferred in that th s nsrtivity 
is especially excellent ranges from 2,000 to 9,000, preferably from 2,500 to 9,000, and more preferably from 3,000 to 
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9,000. 

[0045] The molecular weight distribution (Mw/Mn) of the alkali-soluble resins is preferably from 1 .0 to 1 .5 (monbdis- 
perse polymers), because development residues are decreased. The molecular weight distribution of th alkali-soluble 
resins particularly preferred in that the sensitivity is especially excellent ranges from 1 .0 to 1 A, preferably from 1 .0 to 
5 1 .3, and more preferably from 1 .0 to 1 .2. 

[0046] The weight average molecular weight as used herein is defined as a polystyrene-converted valu of gel per- 
meation chromatography. 

[0047] The resins used in the invention can be synthesized by methods described, for example, in JP-A-4-1 95138, 
JP-A-4-350657, JP-A-4-350658, JP-A-6-41222, JP-A-6-65333, Polym . J., 18, 1037 (1986) , Potym . J., ^, 386 (1990) 
10 and Makromol . Chem. Suppl., 15 , 1 67 (1 989). That is to say, the desired alkali-soluble resins can be obtained by so- 
called Irving anion polymerization. Further, the resins can also be obtained by molecular weight fractionation of resins 
obtained by radical polymerization, according to a combination of a good solvent and a poor solvent, or by gel chro- 
matography fractionation thereof. 

[0048] These resins may be used either alone or as a mixture of a plurality of them. 
15 [0049] The living anion polymerization is described in New Experimental Chemistry Course, 1 9, Polymer Chemistry 

(1) , pages 59 to 73 (Maruzen), and the molecular weight fractionation is described in New Experimental Chemistry 
Course, 1 9, Polymer Chemistry (II), pages 522 to 527 (Maruzen). 

[0050] The rate of alkali dissolution of the alkali-soluble resins Is preferably 20 A/second or more, and particularly 
preferably 200 A/second or more, when measured in 0.261 N tetramethylammonium hydroxide (TMAH) at 23"C. 

20 [0051 ] The alkali-soluble resins of the invention may be used alone or in combination with other alkali-soluble resins. 
As to the ratio of them used, the other alkali-soluble resin other than the alkali-soluble resin of the invention can be 
used in combination with the alkali-soluble resin of the invention in an amount up to 1 00 parts by weight, based on 1 00 
parts by weight of the alkali-soluble resin of the invention. The alkali-soluble resins that can be used in combination 
with the alkali-soluble resins of the invention are exemplified below. 

25 [0052] Examples thereof include but are not limited to novolak resins, hydrogenated novolak resins, acetone-pyro- 
gallol resins, poly-o-hydroxystyrene, poly-p-hydroxystyrene, hydrogenated poly-hydroxystyrene, halogen- oralkyl-sub- 
stituted polyhydroxystyrenes, hydroxystyrene-N-substrtuted maleimide copolymers, o/p-hydroxystyrene copolymers, 
products partially O-alkylated to hydroxyl groups of polyhydroxystyrene (e.g., 5 to 30 mol% O-methylated products, 
0-(1-methoxy)ethylated products, O-(l-ethoxy) ethylated products, 0-2-tetra-hydropyranylated products and 0-(t-bu- 

30 toxycarbonyOmethylated products), or O-acylated products (e.g. , 5 to 30 mol% O-acetylated products and O- (t-butoxy) 
carbonylatedproducts), styrene-maleic anhydride copolymers, styrene-hydroxystyrene copolymers, a-methylstyrene- 
hydroxystyrene copolymers, cariaoxyl group-containing methacrylic resins and derivatives thereof. 
[0053] The amount of all alkali-soluble resins used is usually from 30% to 95% by weight, preferably from 40% to 
90% by weight, and more preferably from 50% to 80%, based on the total weight of resist composition (excluding 

35 solvents). 

(2) Compounds Generating Acids bv Irradiation of Electron Beams or X-Ra ys (hereinafter also referred to as Acid 
Generating Agents) - 

40 [0054] The acid generating agents are used together with the alkali-soluble resins. The acid generating agents used 
together with the alkali-soluble resins may be any compounds as long as they generate acids by irradiation of radiation. 
[0055] Specif bally, photoinitiators for cation b photopolymerization, photoinitiators for radical photopolymerization, 
photodecoloring agents and photodiscoloring agents for dyes, or compounds generating acids with known light used 
in micro resists (ultraviolet rays of 400 nm to 200 nm, far ultraviolet rays, particularly preferably g-line, h-line, i-line and 

^ KrF excimer laser beams) , ArF excimer laser beams, electron beams, X-rays, molecular beams or ion beams, and 
mixtures thereof can be appropriately selected to use them. 

[0056] Other compounds used in the invention which generate acids by irradiation of electron beams or X-rays in- 
clude, for example, onium salts such as diazonium salts described in S. I. Schlesinger, Photogr. Sci. Eng ., 18, 387 
(1974) and T. S. Bal et al.. Polymer, 21^, 423 (1980), ammonium salts described in U.S. Patents 4,069,055, 4,069,056 
so and Re 27,992, and JP-A-3-140140, phosphonium salts described In D. C. Necker et al., Macromolecules , 17, 2468 

(1984) , C. S. Wen et al., Teh. Proc. Conf. Rad. Curing ASIA, p. 478, Tokyo, Oct. (1988), U.S. Patents 4,069,055 and 
4,069,056, iodonium salts described in J. V. Crivello et al., Macromolecules, 10 (6), 1307 (1977), Chem. & Eng. News, 
Nov. 28, 31 (1988) , European Patents 104,143, 339,049 and 41 0,201, JP-A-2-1 50848 and J P-A-2-29651 4, sulf onium 
salts described in J. V. Crivello et al.. Polymer, J. 1 7, 73 (1 985), J. V. Crivello et al., J. Og^ Chem. , 43, 3055 (1 978) , 

55 w. R. Watt et al.. J. Polymer Sci .. Polymer Chem. Ed.. 22, 1789 (1984), J. V. Crivello etal.. Polymer Bull., 14, 279 

(1985) , J. V. Criv llo et al., Macromolecules, 14 (5). 1141 (1 981), J. V. Crivello et al., J. Polymer Sci.. Polymer Chem. 
Ed. , 17. 2877 (1979), European Patents 370,693, 161,811, 410,201, 339,049. 233,567, 297,443 and 297,442, U.S. 
Patents 4,933,377, 3,902.114, 4,760,013, 4,734,444 and 2.833,827, Gemnan Patents 2,904,626. 3,604,580 and 



18 



EP1 117 0Q2A1 



3,604,581 , selenonium salts described in J. V. Crivello t a!., Macromolecules, 10 (6), 1307 (1977) and J. V. Crivello 
et al., J. Polymer Sci., Polymer Chem. Ed., 17, 1047 (1 979) and arsonium salts described in C. S. Wen et al., Teh. 
Proc. Conf. Rad. Curing ASIA, p. 478, Tokyo, Oct. (1988); organic halogen compounds d scribed in U.S. 
Patent3,905,815, JP-B-46-4605, JP-A-48-36281 , JP-A-55-32070, JP-A-60-239736, JP-A-61 -169835, JP-A- 

5 61-169837, JP-A-62- 58241 , JP-A-62-212401 , JP-A-63-70243 and JP-A-63-298339; organic metal/organic halides 
described in K. Meier et al., J. Rad . Curing , 13 (4), 26 (1 986), T. P. Gill et al., Inorg. Chem., 19, 3007 (1 980), D. Astruc, 
Acc. Chem. Res., 19 (12), 377 (1896) and JP-A-2-161445, photo acid generators having o-nitrobenzyl type protecting 
groups described in S. Hayase et al., J. Polymer Sci., 25 , 753 (1987), E. Reichmanis et al., J. Polymer Sci., Polymer 
Chem. Ed., 23, 1 (1 985), Q. Q. Zhu et al., J. Photochem. , 36, 85, 39, 31 7 (1 987), B. Amit et a!., Tetrahedron Lett.. (24), 

10 2205 (1973), D. H. R. Barton et al., J. Chem. Soc., 3571 (1965), P. M. Collins et al., J. Chem. Soc. , Pertcin I, 1695 
(1975), M. Rudlnstein et al., Tetrahedron Lett., (17), 1446 (1975), J. W. Walker et al., J. Am. Chem. Soc. , 110, 7170 
(1988), S. C. Busman et al., J. Imaging Technol., 11 (4)-, 191 (1985), H. M. Houlihan et al., Macromolecules, 21 , 2001 . 
(1 988), P. M. Collins et al., J. Chem. Soc., Chem. Commun., 532 (1 972) , S. Hayase et al., Macromolecules, 18, 1 799 
(1985), E. Reichmanis et al., J. Electrochem. Soc., Solid State Sci. Technol., 130 (6), F. M. Houlihan etal., Macromol- 

15 ecules. 21. 2001 (1988), European Patents 0290,750, 046,083, 156,535, 271,851 and 0,388,343, U.S. Patents 
3,901 ,710 and 4,181 ,531 , J P-A-60- 198538 and JP-A-53-1 33022; compounds producing sulfonic acids by photolysis 
which are represented by iminosulfonates described in M. Tunooka et al., Polymer Preprints Japan, 35 (8), G. Berne r 
et al., J. Rad. Curing, 13 (4), W. J. Mijs et al., Coating Technol., 55 (697), 45 (1983), Akzo, H. Adachi et al., Polymer 
Preprints Japan, 37 (3), European Patents 01 99,672, 84,51 5, 044,11 5, 61 8,564 and 01 01 ,1 22, U.S. Patents 4,371 ,605 

20 and 4,431,774. JP-A-64-18143, JP-A-2-245756 and JP-A-3-1 401 09; and disulfone compounds described in JP-A- 
61 -166544 and JP-A-2-71270, and disulfone compounds described in JP-A-61 -166544. 

[0057] Further, compounds in which these groups or compounds generating acids with light are introduced into their 
main chains or side chains can be used. Examples of such compounds are described in M. E. Woodhouse et al., J^ 
Am. Chem. Soc. , 104, 5586 (1 982), S. P. Pappas et al. , J. Imaging ScL, 30 (5), 21 8 (1 986), S. Kondo et al. , Makromol. 
25 Chem., Rapid Commun.. 9, 625 (1988), Y. Yamada et al.. Makromol. Chem.. 152, 153, 163 (1972), J. V. Crivello et al., 
J. Polymer Sci., Polymer Chem. Ed., 17, 3845 (1979), U.S. Patent 3,849,137, German Patent 3,914,407, JP-A- 
63-26653, J P-A-55- 164824, JP-A-62-69263, JP-A-63-1 46038. J P-A-63-1 63452, JP-A-62- 153853 and JP-A- 
63-146029. 

[0058] Further, compounds generating acids with light can also be used which are described in V. N. R. Plllai, Syn- 
30 thesis, (1)1 (1 980). A. Abad et al.. Tetrahedron Lett., (47), 4555 (1 971 ), D. H. R. Barton et al., J. Chem. Soc., (C), 329 
(1970), U.S. Patent 3,779,778 and European Patent 126,712. 

[0059] Of the above^entioned compounds that are decomposed by irradiation of electron besinDS or X-rays to gen- 
erate acids, compounds particularly effectively used are described below. 



35 (1 ) Oxazole derivatives substituted by trihak>methyl groups, which are represented by the following general formula 

(PAGI), or S-triazine derivatives represented by the following general formula (PGA2): 



pa)2 

40 " 



N N 



45 

(PAGI) (PAG2) 



so wherein R^*) represents a substituted or unsubstituted aryt or alkenyl group; R^ represents a substituted or 

unsubstituted aryl, alkenyl or alky I group, or -C(Y)3; and Y represents a chlorine atom or a bromine atom. 
Specific examples thereof Include but are not limited to the following compounds: 



55 
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N-N 



ClH^^CH=CH-C.^,C-Ca3 

(PAGl-l) 



(PAGl-2) 



H3C0-( /-CH=CH-Cl ;C-CBr3 



0' 
(PAGl-3) 




N-N • 



(PAGl-4) 



r 




N-N 



0-^^y-CH=CH-C;^;C-CCJ3 

(PAGI-Sj 



r==\ /=\ N-N 

^ch=chh(Jhc:^;c-cc. 



(PAGl-5) 
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^-CH=CH- di^^.C- CCI3 
(PACl-7) 



N-N 



(PAGl-S) 



CCI3 
X 

CJaC^N^CClg 
(PAG2-1) 



cue 




ecu 



{PAG2-2) 



OCH, 




N 

A A 
CI3C N- CCI3 

(PAG2-3) 
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(PAG2-8) 




CH=CH 
CkC^N^CCJ, 




CH=CH 




N 

a3C-^N^cci3 



(PAG2-9) 



(PAG2-10) 



(2) lodonium salts represented by the following general formula (PAGS) or sulfonlum salts represented by the 
following general fornmla (PAG4): 
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Ar R 

^ p205 

{PAG3) (PAG4) 

wherein Ar"* and Ar^ each independently represents a substituted or unsubstrtuted aryl group. Preferred examples 
of the substrtuents include all<yl, haloalkyl, cycloalkyi, aryl, alkoxyl, nitro, carboxyl, alkoxycarbonyl, hydroxyl, mer- 
capto and halogen atonns. 

R204 and R^os each Independently represents a substituted or unsubstituted alky I or aryl group, and 
preferably an aryl group having from 6 to 14 carbon atoms, an alkyi group having from 1 to 8 carbon atoms or a 
substituted derivative thereof. Preferred examples of the substrtuents for aryl include alkoxyl of from 1 to 8 carbon 
atoms, alkyI of from 1 to 8 carbon atoms, cycloalkyl, nitro, carboxyl, mercapto, hydroxyl and halogen atoms, and 
prefenred examples thereof for alkyI Include alkoxyl of from 1 to 8 carbon atoms, carboxyl and alkoxycarbonyl. 

Z' represents an anion. Specifk: examples of the anions include substituted or unsubstituted alkylsulfonk: 
acids, cycloalkylsulfonic acids, perfluoroalkylslufonic acids and arylslufonk: acids (for example, substituted or un- 
substituted benzenesulfonic acid, naphthalenesulfonic acid and anthracene-sulfonb acid). 

Two of R203, R204 and R^os^ and Ar^ and Ar2 may each combine together through each single bond or sub- 
stituent. 

Specific examples thereof include but are not limited to the following compounds: 



C 12^25 



(PAC3-I) 




SO3 (PAG3-2) 
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(PAG4-11) 
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(n)C4H9 
HO 



(PACi-14) 

F F 



CH, F F 



S03® 



(PAG4-15) 



H3C 

H3C 

^ (PAG4-15) 
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(PAG4-22) 
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0 

C- CH2- S- (n)QH9 
(PAG4-23) 



F F 




SO 



G 



F F 



e 



(('AC 'J -24) 



CioH 



I2"25 



(l'A(".4-25) 



■S 2CF3SO3 



(PAG4-26) 




(PAG4-27) 



CH3 



2 H3C- \^ ^ ^1^3 
CH3 
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The above-mentioned onium salts represented by general formulas (PAG3) and (PAG4) are known, and can 
be synthesized, for example, by methods described in J. W. Knapczyk et al., J. Am. Chem. Soc., 91^ 1 45 (1 969), 
A. L. Maycok et a!., J. Org. Chem., 35, 2532 (1970), E. Goethas et al., Bull. Soc. Chem. Belg., 73, 546 (1964), H. 
M. Leicester, J. Am. Chem. Soc .. 5^_, 3587 (1929), J. V. Crivello et al.. J. Polymer Chem. Ed., 18, 2677 (1980), U. 
S. Patents 2,807,648 and 4.247,473, and JP-A-53-1 01 331 . 

(3) Disulfone derivatives represented by the following general fomiula (PAG5) or iminosulfonate derivatives rep- 
resented by the following general fonnula (PAG6): 
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0 



0 

(PAG5) (PAG6) 



wherein Ar^ and Ar^ each independently represents a substituted or unsubstituted aryl group; represents a 
substituted or unsubstituted alky! or aryl group; and A represents a substituted or unsubstituted allcylene, aike- 
nylene or arylene group. 

Specific exannples thereof include but are not limited 




(PAG5-1) 





(PAG5-4) 





(PAG5-5) 
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•OCH, 



(PAG5-1I) 



(PAG5-12) 



F F 



F F 

-H^_^SO,-SO,-^^h-F 

F F F F 

(PAG5-13) 
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(PAGS-14) 
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^N-O-SOvj-Cz^s 
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COaCHa 



0 



■SO, 
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(PAG6-2()) 



(4) Diazodisuffone derivatives represented by the following general fomriula (PAGT): 
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{VAGI) 

wherein R represents a straight-chain, branched or cyclic alkyl group, or an aryl group which may be substituted. 
[0060] Specific examples thereof include but are not limited to the following compounds: 
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[0061] The acid generating agents used in the invention are preferably fluorine atom-containing oniunn salt com- 
pounds generating organic acids are preferred, and particularly preferred are onium salt compounds represented by 
the above-mentioned general formulas (t) to (III). 

[0062] to R37 in general formulas (I) to (III) each represents a hydrogen atom, an alkyi group, an alkoxyl group, 
a hydroxyl group, a halogen atom or a group indicated by -S-R33. 

[0063] The alkyI groups represented by to R37 may be straight-chain, branched or cyclk;. The straight-chain or 
branched alkyI groups include, for example, an all^l group having from 1 to 4 carbon atonns such as methyl, ethyl, 
propyl, n-butyl, sec-butyl or t-butyl. The cyclic alkyI groups include, for example, an alkyI group having from 3 to 8 
cart>on atoms such as cyclopropyl, cydopentyt or cydohexyl. 

[0064] The alkoxyl groups represented by R^ to R37 may be straight-chain, branched or cyclic. The straight-chain or 
branched alkoxyl groups include, for example, an alkoxyl group having from 1 to 8 carbon atoms such as methoxy, 
ethoxy, hydroxyethoxy, propoxy, n-butoxy, isobutoxy, sec-butoxy, t-butoxy or octyloxy. Thecyclk; alkoxyl groups include, 
for example, cyclopentyloxy and cyclohexyloxy. 

[0065] The halogen atoms representedby to R37 include a fluorine atom, a chlorine atom, a bromine atom and 
an iodine atom. 

[0066] R33 in -S-R3S represented by R^ to R37 is an alkyI group or an aryl group. The alkyI groups represented by 
R3g include, for example, ones already enumerated as the alky I groups represented by R| to R37. 
[0067] The aryl groups represented by R3g include an aryl group having 6 to 14 carbon atoms such as phenyl, tolyl, 
methoxyphenyl or naphthyl. 

[0068] Any one of the alkyI, alkoxyl and aryl groups represented by R^ to R3S may further be combined with a sub- 
stituent to increase the carbon number, or have no substrtuent. Prefemed examples of the substituents with whk:h the 
groups may further be combined include an alkoxyl group having from 1 to 4 carbon atoms, an aryl group having from 
6 to 1 0 carbon atoms and an alkenyl group having from 2 1 6 carbon atoms and also Include cyano, hydroxyl, carboxyl, 
alkoxycarbonyl and nitro. In addition, the substituents may be halogen atoms such as fluorine, chlorine and iodine. 
[0069] Two or more of the groups represented by R^ to R15 in general fomnula (I) may be combined to form a ring. 
The groups represented by R^ to R-,5 may be combined with each other directly at their nds, or indirectly through at 
least one atom selected from carbon, oxygen, sulfur and nitrogen to form th ring. Th ring structures fomi d by 
combination of two or more of R^ to R^g include the same structures as the ring structures seen in furan, dihydrofuran, 
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pyran, trihydropyran, thiophene and pyrrole rings. R^g to R27 in general fonnula (II) ar similar to the above. Two or 
more of them may be combined directly or indirectly with each other to fomri a ring. R28 to R37 in general fonnula (III) 
ar also similar thereto. 

[0070] General fomnulas (t) to (III) have X- which Is an anion of an acid. The acid forming the anion is an acid selected 
5 from benzenesulfonic acid, naphthalenesulfonic acid and anthracenesulfonic acid. More preferably, the acid Is substi- 
tuted by at least one fluorine atom . Alternately, the acid has at least one organic group selected from the group consisting 
of an alkyi group, an atkoxyl group, an acyl group, an acyloxy group, a sulfonyl group, a sulfonyloxy group, a sulfo- 
nylamino group, an aryl group, an aralkyl group and an alkoxycarbonyl group. More preferably, the organ b group is 
further substituted by at least one fluorine atom. The above-mentioned benzenesulfonic add. naphthalenesulfonk: acid 
10 or anthracenesulfonic acid may be substituted by a halogen atom other than a fluorine atom, a hydroxy I group or a 
nitro group. 

[0071] The alkyI groups combined with benzenesulfonk: acid orthe like whbh fomDsthe X~ anion include, for example, 
an alkyI group having from 1 to 12 carbon atonns. The alkyl groups may be straight-chain, branched or cyclic. They are 
each preferably substituted by 1 to 25 fluorine atoms. Specif k: examples thereof include trifluoromethyl, pentafluoroe- 
15 thyl, 2,2,2-trifluoroethyl, heptafluoropropyl, heptafluoroisopropyl, perfluorobutyl, perfluorooctyl, perfluorododecyl and 
perfluoro-cyclohexyl. A perfluoroalkyi group having from 1 to 4 carbon atoms in which all are substituted by fluorine 
atoms is prefen-ed among others. 

[0072] The alkoxyl groups combined with benzenesulfonk: acid or the like described above, together with or Inde- 
pendently of the alkyl groups, are an alkoxyl group having from 1 to 12 carbon atoms. The alkoxyl groups may be 
20 straight-chain, branched or cyclk:. Preferably, they are each substituted by 1 to 25 fluorine atoms. Specif k; examples 
thereof include trifiuoromethoxy, pentafluoroethoxy, heptafluoroisopropyloxy, perfluorobutoxy, perfluorooctyloxy, per- 
fluorododecyloxy and perfluorocyclohexyloxy. A perfluoroalkoxyl group having from 1 to 4 cartoon atoms in whksh all 
are substituted by fluorine atonns is pretended among others. 

[0073] The acyl groups combined with benzenesulfonk; acid or the like described above, together with or independ- 
25 ently of the alkyl groups, are preferably an acyl group having from 2 to 12 cartDon atoms and substituted by 1 to 23 
fluorine atoms. Specific examples thereof include trifluoroacetyl, fluoro-acetyl, pentafluoropropionyl and pentafluor- 
obenzoyl. 

[0074] The acyloxy groups combined with benzenesulfonk: acid or the like described above, together with or inde- 
pendently of the alkyl groups, are preferably an acyloxy group having from 2 to 12 carbon atoms and substituted by 1 
30 to 23 fluorine atoms. Specify examples thereof include trifluoroacetoxy, fluoroacetoxy, pentafluoropropionyloxy and 
pentafluoro-benzoyloxy. 

[0075] The sulfonyl groups combined with benzenesulfonic add or the like described above, together with or inde- 
pendently of the alkyl groups, are preferably a sulfonyl group having from 1 to 1 2 carbon atoms and substituted by 1 
to 25 fluorine atoms. Specify examples thereof indude trifluoromethanesulfonyl, pentafluoroethanesulfonyl. perf lucr- 
es obutanesulfonyl, perfluorooctanesulfonyl, pentafluorobenzenesulfonyl and 4-tri-fluoromethylbenzenesulfonyl. 

[0076] The sulfonyloxy groups combined with benzenesulfonic acid or the like described above, together with or 
independently of the alkyl groups, are preferably a sulfonyloxy group having from 1 to 1 2 carbon atoms and substituted 
by 1 to 25 fluorine atoms. Spedfic examples thereof include trifluoromethanesulfonyloxy, perfluorobutanesulfonyloxy 
and 4-trifluoromethylbenzenesulfonyloxy. 
40 [0077] The sulfonylamino groups combined with benzenesulfonic acid or the like described above, together with or 
independently of the alkyl groups, are preferably a sulfonylamino group having from 1 to 1 2 carbon atoms and substi- 
tuted by 1 to 25 fluorine atoms. Specif b examples thereof include trifluoromethanesulfonytamino, perfluorobutanesul- 
fonylamino, perfluorooctanesutfonylamino and pentafluorobenzenesulfonytamino. 

[0078] The aryl groups combined with benzenesulfonic acid or the like described above, together with or Independ- 
45 ently of the alkyl groups, are preferably an aryl group having from 6 to 14 carbon atoms and substituted by 1 to 9 
fluorine atoms. Specif k; examples thereof include pentafluorophepyl, 4-trifluoromethylphenyl, heptafluoronaphthyl, 
nonafluoroanthranyl, 4-fluorophenyl and 2,4-difluorophenyl. 

[0079] The aralkyl groups combined with benzenesulfonk: acid or the like described above, together with or inde- 
pendently of the alkyl groups, are preferably an aralkyl group having from 7 to 1 0 carbon atoms and substituted by 1 
50 to 15 fluorine atoms. Specifk: examples thereof indude pentafluorophenylmethyl, pentafluorophenylethyl, perfluor- 
obenzyl and perfluorophenethyl. 

[0080] The alkoxycarbonyl groups combined with benzenesulfonic acid or the like described above, together with or 

independently of the alkyl groups, are preferably an alkoxycarbonyl group having from 2 to 13 carbon atoms and , 
substituted by 1 to 25 fluorine atoms. Specifk; examples thereof include trifluoro-methoxycarbonyl, pentafluoroethox- I 
55 ycartjonyl, pentafluoro-phenoxycarbonyl, perfluorobutoxycarbonyl and perfluorooctyl-oxycarbonyl. 

[0081] Of such X- anions, most pretended is a fluorine-substituted benzenesulfonic acid anion, and a pentafluoroben- 
zenesulfonic acid anion Is particularly pref n^ d among others. 

[0082] In addition, benzenesulfonk: acid, naphthalenesulfonic acid or anthracenesulfonic acid having the above- 
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mentioned fluorin -containing substituent may b further substituted by a straight-chain, branched or cyclic alkoxyl 
group, an acyl group, an acytoxy group, a sutfonyl group, a sutfonyloxy group, a sulfonyiamino group, an aryl group, 
an aralkyi group, an alkoxycarbonyl group (the carbon number range of these groups is the same as described above), 
a halogen atom (excluding fluorine), a hydroxy I group or a nitro group. 

[0083] Specif k: examples of thes compounds represented by gen ral fomnulas (t) to (III) are shown below, but are 
not limited thereto. 




a-3) 
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[0084] The compounds of general fonmulas (I) and (II) can be synthesized by the following processes. For example, 
aryl Grignad reagents such as aryimagnesium bromides are reacted with phenyl sulfoxides to obtain triarylsulfonium 
halides, and the satt interchange thereof with sulfonic acids corresponding thereto is conducted. As another process , 
there is, for example, a process of conducting the condensation and salt interchange of phenyl sulfoxides with aromatic 
compounds corresponding thereto using acid catalysts such as methanesutfonic acid/diphosphorus pentaoxide or alu- 
minum chloride. Further, the compounds can be synthesized by a process in which the condensation and salt inter- 
change of diary liodonium satts with diary I sulfides are conducted using catalysts such as copper acetate. In any one 
of the above-mentioned processes, the phenyl sulfoxides may have substituents on benzene rings, or may not have 
such substituents. 

[0085] The compounds of general fonnula (III) can be synthesized by reacting aromatic compounds using periodates. 
[0086] The amount of the acid generating agents used in the invention is suitably from 0.1% to 20% by weight, 
preferably from 0.5% to 1 0% by weight, and more preferably from 1% to 7% by weight, based on the total solid content 
of negative-working r^ist composition. 

(Other Photo acid generators) 

[0087] In the invention, other compounds which are decomposed by radiation inradiation to generate acids can be 
used, except or together with the above-described compounds (e.g., the compounds represented by general fomnulas 
(I) to (III)). When the other compounds which are decomposed by radiation irradiation to generate acids are used 
except or together with the above-described compounds, the ratio of the other compounds which are decomposed by 
radiation irradiation to generate adds to the compounds is from 1 00/0 to 20/80, preferably from 90/1 0 to 40/60, and 
more preferably from 80/20 to 50/50, in molar ratio. 

(3) Crosslinking Agents Used in the Invention 



[0088] In the negative-working resist compositions of the invention, compounds crosslinking by acids (hereinafter 
refen^ed to as ackJ-crosslinking agents or briefly crosslinking agents) are used together with the acid generating agents. 
(3)-1 . As the crosslinking agents, phenol derivatives can be used. Preferably, they include a phenol derivative having 
a molecular weight of 1 ,200 or less, containing from 3 to 5 benzene rings in its molecule and having two or more of 
hydroxymethyl groups or alkoxymethyl groups in all, in which the hydroxymethyl groups or alkoxymethyl groups are 
bonded collectively to at least any one of the benzene rings, or divisionally to the benzene rings. The use of such 
phenol derivatives allows the effect of the invention to become more significant. 

[0089] The alkoxymethyl groups bonded to the benzene rings are preferably an alkoxymethyl group having 6 or less 
carbon atoms. Preferred examples thereof include methoxym ethyl, ethoxymethyl, n-propoxymethyl, i-propoxymethyl, 
n-butoxymethyl, i-butoxymethyl, sec-butoxymethyl and t-butoxymethyl. Further, alkoxy-substituted alkoxyl groups such 
as 2-methoxyethoxy and 2-methoxy-1 -propyl are also preferred. 
[0090] Of these phenol derivatives, particularly preferred ones are shown below: 




49 



EP1 117 002 A1 




50 



EP1 117 002 A1 




51 



EP1 117 002 A1 




OH 



52 



EP1 117 002 A1 




55 



53 



EP1 117 002 A1 




wherein L"" to L^, which may be the same or different, each represents a hydroxymethyl group, a methoxymethyl group 
or an ethoxymethyl group. 

[0091 ] The phenol derivatives having hydroxymethyl groups can be obtained by reacting corresponding phenol com- 
pounds having no hydroxymethyl groups (compounds in which L'' to are hydrogen atoms in the above fonnulas) 
wrth fomnald hyde in th presence of bas catalysts. In this case, th r action is preferably conducted at a t mperature 
of eO'^C or I ss, for preventing resinrflcation and gelation. Specifically, they can b synthesized by methods describ d 
in JP-A-6-282067 and JP-A-7-64285. 
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[0092] The phenol d rivatives having alkoxymethyl groups can be obtained by reacting corresponding phenol conn- 
pounds having hydroxymethyl groups with alcohols in the presence of acid catalysts. In this case, the reaction Is pref- 
erably conduct d at a temperature of 1 00*C or less, for preventing resin if Ication and gelation. Specif ically, they can 
be synthesized by methods described in EP-A-632,003 (the term "EP-A" as used herein means an "unexamined pub- 
5 llshed European patent appltcation". 

[0093] The hydroxymethyl group- or alkoxymethyl group-containing phenol derivatives thus synthesized are pre- 
ferred in respect to stability in storage, and the alkoxymethyl group-containing phenol derivatives are particularly pre- 
ferred from the viewpoint of stability in storage. 

[0094] These phenol derivatives each having two or more of hydroxymethyl groups or alkoxymethyl groups in all, in 
10 whk:h the hydroxymethyl groups or alkoxymethyl groups are bonded collectively to at least any one of the benzene 
rings, or divisionally to the benzene rings, may be used either alone or as a combination of two or more of them. 

(3)-2. In addition to the above-mentioned phenol derivatives, compounds of (i) and (ii) described below can be 
used as crosslinking agents. 

IS (i) Compounds having N-hydroxymethyl groups, N-alkoxymethyl groups or N-acyloxymethyl groups; and 

(ii) Epoxy compounds. 

[0095] These crosslinking agents are described in detail below. 

20 (i) The compounds having N-hydroxymethyl groups, N-alkoxymethyl groups or N-acyloxymethyl groups include 

monomer/oligomer-melamine-formaldehyde condensation products and urea-formaldehyde condensation prod- 
ucts disctosed in EP-A-0,1 33,21 6, West German Patents 3,634,671 and 3,71 1 ,264, alkoxy-substituted compounds 
disclosed in EP-A-0,21 2,482 and benzoguanamine-fomnaldehyde condensation products disclosed in JP-A- 
8-109314. 

25 More prefen-ed examples thereof include melamlne-formaldehyde derivatives each having at least two free 

N-hydroxymethyl groups, N-alkoxymethyl groups or N-acyloxymethyl groups, and the N-alkoxymethyl derivatives 
are particularly preferred among others. 

(ii) The epoxy compounds include monomers, dimers, oligomers and polymers of epoxy compounds each having 
at least one epoxy group. Examples thereof include reaction products of bisphenol A and epichtorohydrin, reaction 
30 products of low molecular weight phenol-formaldehyde resins and epichlorohydrin, and further epoxy resins de- 

scribed and used in U.S. Patent 4,026,705 and British Patent 1,539,192. 

[0096] In the invention, the above-mentioned phenol derivatives are prefen-ed. 

[0097] In addition to the phenol derivatives, for example, the other crosslinking agents (i) and (ii) described above 
35 can be used in combination with them. 

[0098] The ratio of the other crosslinking agents to the phenol derivatives is from 100/0 to 20/80, preferably from 
90/10 to 40/60, and more preferably from 80/20 to 50/50, in molar ratio. 

[0099] The phenol derivatives are used in an amount of 3% to 70% by weight, and preferably in an amount of 5% 
to 50% by weight, based on the total solid content of resist composition. When the amount of the crosslinking agents 
40 added is less than 3% by weight, the residual film rate is decreased. On the other hand, exceeding 70% by weight 
results In reduced resolution, and further unfavorably leads to deteriorated stability in storage of resist solutions. 

(4) Other Components Used in Compositions of the Invention 

45 [01 00] The negative-woricing resist compositions of the invention can further contain organ k: basic compounds, dyes 
and surfactants as needed. 

(4)-1 Dyes 

50 [0101 ] The suitable dyes are oil dyes and baste dyes. Specific examples thereof Include Oil Yellow #1 01 , Oil Yellow 
#103. Oil Pink #31 2, Oil Green BG, Oil Blue BOS, Oil Blue #603, Oil Black BY, Oil Black BS, Oil Black T-505 (the above 
dyes are manufactured by Orient Kagaku Kogyo Co., Ltd.), Crystal Violet (CI42555), Methyl Violet (C 142535), Rhod- 
amine B (CI45170B), Malachite Green (C142000) and Methylene Blue (CI52015). 

55 (4)-2 Organic Baste Compounds 



[0102] Th organic basic compounds whteh can be used in the invention are preferably compounds stronger In 
basicity than phenol, and nitrogen-containing baste compounds are preferred among others. 
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[0103] Preferred examples thereof include compounds having structures repres nted by th following fomiulas (A) 
to(E): 



-N-C = N- -"(B) 



[ I 



= C-N- •••(D) 



r254 h255 



wherein R^^i and which may be the same or different, each represents a hydrogen atom, an alky! group 
having 1 to 6 carbon atoms, an aminoalkyi group having 1 to 6 carbon atoms, a hydroxyalkyl group having 1 to 6 carbon 
atonns, or a substituted or unsubstituted aryl group having 6 to 20 cart>on atoms, and R^si and R252 may combine with 
each other to form a ring. 

40 [0104] R253, r254^ r255 r256^ which may be the same or different, each represents an alkyi group having 1 to 6 
carbon atoms. 

[0105] More preferred are nitrogen-containing basic compounds each having two or more nitrogen atoms different 
In chemical environment In one molecule, and particularly preferred are compounds each having both a substituted or 
unsubstituted amino group and a nitrogen atom-containing ring structure, or alkylamino group-containing compounds. 

^ [01 06] Preferred examples thereof include substituted or unsubstituted guanidine, substituted or unsubstituted ami- 
nopyridine, substituted or unsubstituted aminoalkylpyridines, substituted or unsubstituted aminopyrrolidine, substituted 
or unsubstituted indazole, imidazole, substituted or unsubstituted pyrazole, substituted or un substituted pyrazlne, 
substituted or unsubstituted pyrimidine, substituted or unsubstituted purine, substituted or unsubstituted imidazoline, 
substituted or unsubstituted pyrazoline, substituted or unsubstituted piperazine, substituted or unsubstituted aminomor- 

so pholine and substituted or unsubstituted aminoalkylmorphollnes. Pretended substituents are amino, aminoalkyi, 
alkylamino, aminoaryl, aryiamino, alkyI, alkoxyl, acyl, acyloxy, aryl, aryloxy, nitro, hydroxyl and cyano. 
[0107] Particularly prefen^ed examples of the compounds include but are not limited to guanidine, 1 ,1 -dimethylgua- 
nidine, 1,1,3,3-tetramethylguanldine, imidazole, 2-methylimldazole, 4-methylimidazole, N-methylimidazole, 2-phe- 
nylimidazole, 4,5-diphenylimidazoie, 2,4,5-triphenylimidazole, 2-aminopyridine, 3-aminopyridlne, 4-ami nopyridine, 

55 2-dimethylamlnopyridine, 4-dimethylami nopyridine, 2-diethylaminopyridine, 2-(aminomethyl)pyridine, 2-amino- 

3- methylpyridine, 2-amlno-4-methylpyridine, 2-amino-5Hnethylpyridln , 2~amlno-6-methylpyridine, 3-aminoethylpyri- 
dine, 4-aminoethylpyrldine, 3-aminopyrrolidlne, pip razin , N- (2-amlnoethyl)plperazine. N- (2-amlnoethyl)piperidln , 

4- amino-2,2,6,6-tetramethylpiperidine, 4-piperidinopiperidine, 2-imlnopiperidine, 1 -(2-aminoethyl)pyrrolldine, pyra- 
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zole, 3-amino-5rmethylpyrazole, 5-amino-3-fnethyl-1-p-tolylpyrazo! , pyrazine, 2-(amino-methyl) -5-methylpyrazin , 
pyrimidine, 2,4-diaminopyrimidine, 4,6-dihydroxypyrimidin , 2-pyrazoline, 3-pyrazoline, N-aminomorpholine and N- 
(2-aminoethyl)morpholin . 

[0108] These nitrogen-containingbasic compounds are usedeither alone or as a combination of two or more of them. 
The molar ratio of th acid generating agent to the organic basic compound used in th composition is preferably from 
2.5 to 300. When the molar ratio Is less than 2.5, the sensitivity is deer ased to caus a r duction in resolution in som 
cases. On the other hand, when the ratio exceeds 300, the resist pattern grows thick with an elapse of time from 
exposure to heat treatment to cause a reduction in resolution in some cases. The molar ratio of the acid generating 
agent to the organic basic compound is preferably from 5.0 to 200, and more preferably from 7.0 to 150. The addition 
of these nitrogen-containing basic compounds gives the effect of improving aging stability (PCD stability and PED 
stability) of resist f ilnris. 

[0109] The temn "PCD (post coating delay) stability" as used herein means stability of a coating film formed by ap- 
plying a resist composition onto a substrate and allowed to stand inside or outside an irradiation apparatus. The temn 
"PED (post exposure delay) stability" as used herein means stability of a coating film allowed to stand inside or outside 
an in^adiation apparatus during a period from in-adiation to heating operation. 

(4)-3 Solvents 

[01 10] The compositions of the invention are dissolved in solvents which can dissoh^e the above-mentioned respec- 
tive components, and applied onto supports. Prefenred examples of the solvents used herein include ethylene dichlo- 
ride, cyclohexanone, cyclopentanone, 2-heptanone. y-butyrolactone, methyl ethyl ketone, ethylene glycol monomethyl 
ether, ethylene glycol monoethyl ether, 2-methoxyethyl acetate, ethylene glycol monoethyl ether acetate, propylene 
glycol monomethyl ether, Dropvlen fij ilvcol monomethyl ether acetate , toluene, ethyl acetate, methyl lactate, ethyl lac- 
tate, methyl methoxypropionate, ethyl ethoxypropionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N,N-dimeth- 
ylformamide, dimethyl sulfoxide, N-methylpyrroiidone and tetrahydrofuran. These solvents are used either alone or as 
a mixture thereof. 

(4)-4 Surfac^nts 

[01 1 1 ] Surfactants can also be added to the negative-working resist compositions of the invention. Specific examples 
of such surfactants include non ionic surfactants such as polyoxyethylene alkyl ethers such as polyoxyethylene lauryl 
ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether and polyoxyethylene oleyl ether, polyoxyethylene 
alkyl atlyl ethers such as polyoxyethylene octylphenol ether and polyoxyethylene nonylphenol ether, polyoxyethylene- 
potyoxypropylene block copolymers, sorbitan fatty acid esters such as sorbitan monolaurate, sorbitan monopalmitate, 
sorbitan monostearate, sorbitan monooteate, sorbitan trioleate and sorbitan tristearate, and polyoxyethylene sorbitan 
fatty acid esters such as polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monopalmitate, polyoxyeth- 
ylene sorbitan monostearate, polyoxyethylene sorbitan trioleate and polyoxyethylene sorbitan tristearate; fluorine sur- 
factants such as Eftop EF301, EF303 and EF352 (manufactured by Shin-Akita Kasei Co., Ltd.), Megafac Fi71 and 
F1 73 (manufactured by Dainippon Ink & Chem teals, Inc.), Florad FC430 and FC431 (manufactured by Sumitomo 3M 
Ltd.), and Asahiguard AG710, Surflon S-382, SC101, SCI 02, SC103, SC104, SC105 and SCI 06 (manufactured by 
Asahi Glass Co., Ltd.); Onganopolysiloxane Polymer KP-341 (manufactured by Shin-Etsu Chemteal Co., Ltd.) ; acrylte 
or methacrylic (co)polymers, Polyflow No. 75 and No. 95 (manufactured by Kyoeisha Yushi Kagaku Kogyo Co., Ltd.) ; 
and Troy Sol S-366 (manufactured by Troy Chemical Co., Ltd.). 

[0112] It is preferred that at least one kind of_surfa<^ant of the flu orine and silicon surfac tants is added. It is also 
prefen'ed that a surfactant having both fluorine and silteon atoms is adcJecirExamples of these surfactanS"inclucle" 
surfactants described in JP-A-62-36663, J P-A-61 -226746, JP-A-61 -226745, JP-A-62-170950, JP-A-63-34540, JP-A- 
7-230165, JP-A-8-62834, JP-A-9-54432, JP-A-9-5988, U.S. Patents 5,405,720, 5,360,692, 5,529,881, 5,296,330, 
5,436,098, 5,576,143, 5,296,143, 5,294,511 and 5,824,451 . The following commercially available surfactants can also 
be used as such. The commercially available surfactants include, for example, fluorine or silicon surfactants such as 
Eftop EF301 and EF303 (manufactured by Shin-Akita Kasei Co., Ltd.), Megafack F171, F173, F176, F189 and ROB 
(manufactured by Dainippon Ink & Chemicals, Inc.), Surflon S-382, SC1 01 , SCI 02, SCI 03, SCI 04, SCI 06 and SC1 06 
(manufactured by Asahi Glass Co., Ltd.), and Troy Sol S-366 (manufactured by Troy Chemical Co., Ltd.). Polysiloxane 
Polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) can also be used as the silicon surfactant. 
[01 1 3] The amount of these surfactants compounded is usually from 0.001 to 2 parts by weight, and preferably from 
0.01 to 1 partby weight, per 100 parts by weight of solidmatter contained in the composition of the invention. These 
surfactants can be added either alone or as a combination of some of them. The addition of these surfactants gives 
the effects of increasing the in-plane unifomnity of resist films and improving the resolution. 

[01 14] In the pattem fomnation process on resist tilms in the production of precision integrated circuit elements, the 
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negative-working photoresist compositions of the invention are applied onto substrat s (e.g., transparent substrates 
such as silicon/silicon dioxid coatings, glass substrates and ITO substrates), and then In^adiated using an electron 
beam or X-ray lithography system, followed by heating, development, rinsing and drying, thereby being abl to fonm 
good resist patterns. 

5 [01 15] D veloping solutions which can b used for developing the negative-working photoresist compositions of the 
invention include aqueous solutions of inorganic alkalis such as sodium hydroxide, potassium hydroxide, sodium car- 
bonate, sodium silicate, sodium metasiltcate and aqueous ammonia; primary amines such as ethylamine and n-pro- 
pylamine; secondary amines such as diethylamine and di-n-butylamine; tertiary amines such as triethylamine and 
methyldiethylamine; ateohol amines such as dimethylethanolamine and triethanolamine; quatemary ammonium salts 

10 such as tetramethylammonium hydroxide, tetraethylammonium hydroxide and choline; and cyclic amines such as pyr- 
role and piperidine. Further, alcohols such as isopropyl alcohol and/or surfactants such as non ionic surfactants can 
also be added in appropriate amounts to the aqueous solutions of the above-mentioned alkalis. 
[01 16] Of these developing solutions, pretended are the quaternary ammonium salts, and more preferred are tetram- 
ethylammonium hydroxide and choline. 

15 [01 1 7] The present invention will hereinafter be described in more detail by reference to examples, which are, how- 
ever, not to be construed as limiting the Invention. 

1 . Synthesis Examples of Constituent Materials 

20 (1) Alkali-Soluble Resins 

[0118] 

1) 3-t-Butoxystyrene (17.6 g) was added to 27 g of dry THF, followed by heating at 70'C in a stream of nitrogen. 
25 When the reaction temperature was stabilized, an azo radical initiator (V-601 , manufactured by Wako Pure Chem- 
ical Industries, Ltd..) was added in an amount of 2 mol% based on the above-mentioned monomer to initiate the 
reaction. After the reaction was continued for 3 hours, 2 mot% of V-601 was added again, and the reaction was 
further continued for 3 hours. The reaction mixture was diluted with THF, and the diluted mixture was poured into 
a large amount of methanol to precipitate a potynr^r. The resulting polymer was decomposed by a conventional 

30 method in an acidic hydrochloric acid solution, and the resulting product was precipitated in hexane. Purifk:ation 

by reprecipitation was further repeated twice, followed by drying under reduced pressure to obtain polymer (P-1 ). 
The molecular weight (Mw: converted to polystyrene) and the molecular weight distribution were detenmined by 
the GPC measurement. 

2) Polymers (P-2) to (P-4), (P-6), (P-7) and (P-11) were obtained in the same manner as described above with the 
35 exception that the monomer was changed. 

3) 3-Acetoxystyrene (1 6.2 g) was added to 24 g of dry THF, followed by heating at 70®C in a stream of nitrogen. 
When the reaction temperature was stabilized, an azo radical initiator (V-60, manufactured by Wako Pure Chemical 
Industries, Ltd..) was added in an amount of 2 mol% based on the above-mentioned monomer to initiate the re- 
action. After the reaction was continued for 3 hours, 2 mol% of V-60 was added again, and the reaction was further 

^ continued for 3 hours. The reaction mixture was diluted with THF, and the diluted mixture was poured into a large 

amount of methanol to precipitate a potynr^r The resultingpolymer was hydrolyzedby a conventional method in a 
basic solution, and the resulting product was precipitated in hexane. Purification by reprecipitation was further 
repeated twice, followed by drying under reduced pressure to obtain polymer (P-5). 

4) In dry propylene glycol monomethyl ether acetate, 12 g of polymer (P-1) obtained in 1) described above was 
45 dissolved, and 1 .0 g of ^-cyclohexyl ethyl vinyl ether and 10 mg of p-toluenesulfonic acid were added thereto, 

followed by stining at room temperature for 1 hour. Then, triethylamine was added thereto. 

The reaction solution was poured into water, and the precipitated powder was collected by filtration, followed 
by drying under reduced pressure to obtain polymer (P-9) 

5) Polymer (P-8) and (P-1 0) were nomnally obtained by methods similar to that described in 4), according to rea- 
50 gents used. 

6) 3-Hydroxystyrene (11 .3 g) and 4-t-butoxystyrene (5.3 g) were added to 30 g of dry THF, followed by heating at 
70'C in a stream of nitrogen. When the reaction temperature was stabilized, an azo radical initiator (V-601 , man- 
ufactured by Wako Pure Chemical Industries, Ltd..) was added in an amount of 2 mol% based on the above- 
mentioned monomer to initiate the reaction. After the reaction was continued for 3 hours, 2 mot% of V-601 was 

55 added again, and the reaction was further continued for 3 hours. The reaction mixture was diluted with THF, and 

th diluted mixture was poured into a large amount of methanol to precipitate a polymer. Purification by reprecip- 
itation was further repeat d twice, followed by drying under reduced pressure to obtain polymer (P-1 2). 

7) Polymer (p-1 3) was obtained in a manner similar to that of 6) described at>ove. 
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8) 3-t-Butoxystyrene (1 7.6 g) was subjected t living anion polymerization in d aerated dry THF at -78**C using s- 
butyl litliium as an initiator. Aft r th reaction for 3 hours, the reaction was temninated with deaerated methanol. 
The r action product was poured Into a larg amount of methanol, and the precipitated powder was collected by 
filtration. Purification by reprecipitation was further repeated twice, followed by drying under reduced pressure to 

s obtain a resin. The t-butoxy groups of th resin were decomposed by a conventional method under acidic hydro- 

chloric acid conditions to obtain polymer (P-21). 

9) Polymer (P-22) was obtained in the same manner as with 8) described above with the exception that the amount 
of the initiator was adjusted. 

10) Polymers (P-23) to (P-28) were each obtained in the same manner as with 8) with the exception that 10%, 
10 20% and 30% by weight of the monomer were each replaced by 4-t-butoxystyrene and the amount of the initiator 

was adjusted. 

11 ) A polymer was obtained in the same manner as with 1 ) with the exception that a mixture of 3-t-butoxystyrene/ 
4-t-butoxystyme (60/40 by weight ratio) was used as monomer materials. The resulting polymer was fractionally 
precipitated from a dilute acetone solution to obtain polymer (P-29). 

15 12) Polymer (P-30) was obtained In the same manner as with 11) described above with the exception that the 

amount of the initiator was adjusted. 

13) Polymers (P-31) and (P-32) were each obtained in the same manner as with 8) with exception that 20 mol% 
of the monomer was replaced by 3,4-di-t-butoxystyrene and the amount of the initiator was adjusted. 

14) Polymers obtained in the same manner as with B) with the exception that the amount of the initiator was 
20 adjusted were each protected by a conventional method to produce polymers (P-33), (P-34) and {P-37) to (P-40), 

respectively. 

15) Polymers (P-35), (P-36) and (P-41) to (P-44) were each obtained in the same manner as with 10) described 
above with the exception that the monomer was partially replaced and the amount of the Initiator was adjusted. 

25 (2) Add Generating Agents 

1) Synthesis of Tetramethylammonium Pentafluorobenzenesulfonate 

[0119] PentafluoFobenzenesulfonyl chloride (25 g) was dissolved in 1 00 ml of methanol under ice cooling, and 1 00 
30 g of a 25% aqueous solution of tetramethylammonium hydroxide was slowly added thereto, followed by stirring at room 
temperature for 3 hours. Thus, a solution of tetramethylammonium pentafluorobenzenesulfonate was obtained. This 
solution was used for salt interchange with a sulfonium salt and an iodonium salt. 

2) Synthesis of Triphenylsulfonium Pentafluorobenzenesulfonate 

35 

[0120] Diphenyl sulfoxide (50 g) was dissoh^ed in 800 ml of benzene, and 200 g of aluminum chloride was added 
thereto, followed by reflux for 24 hours. The reaction solution was slowly poured on 2 liters of ice, and 400 ml of 
concentrated hydrochloric add was added thereto, followed by heating at 70^C for 1 0 minutes. The resulting aqueous 
solution was washed with 500 ml of ethyl acetate, and filtered. Then, a solution of 200 g of ammonium iodide in 400 

40 ml of water was added thereto. The powder precipitated was collected by filtration and washed with water, followed by 
washing with ethyl acetate and drying. Thus, 70 g of triphenylsulfonium Iodide was obtained. 
[0121] Triphenylsulfonium iodide (30.5 g) was dissolved in 1 , 000 ml of methanol, and 19.1 g of silver oxide was 
added thereto, followed by stirring at room temperature for 4 hours. The resulting solution was filtered, and a solution 
of tetramethylammonium pentafluorobenzenesulfonate was added thereto in excess. The reaction solution was con- 

45 centrated, and dissolved in 500 ml of dichloromethane. The resulting solution was washed with a 5% aqueous solution 
of tetramethylammonium hydroxide and water. The organic phase was dried over anhydrous sodium sulfate, and then 
concentrated to obtain triphenylsulfonium pentafluorobenzenesulfonate (1-1). 

3) Synthesis of Di (4-t-amylphenyl) iodonium Pentafluorobenzenesulfonate 

50 

[0122] t-Amylbenzene (60 g), 39.5 g of potassium lodate, 81 g of acetic anhydride and 170 ml of dichloromethane 
were mixed, and 66.8 g of concentrated sulfuric acid was slowly added dropwise thereto under ice cooling. After stirring 
for 2 hours under ice cooling, the mixture was stirred at room temperature for 10 hours. Then, 500 ml of water was 
added to the reaction solution under ice cooling, and the resulting solution was extracted with dichloromethane. The 
55 organic phase was washed with sodium hydrogencarbonate and water, and then concentrated to obtain di (4-t-amyl- 
ph nyl) iodonium sulfat . Th sulfat was added to an xcess amount of a solution of tetramethylammonium pen- 
tafluorobenzenesulfonate. Then, 500 ml of water was added to the reacting solution, extracted with dichloromethane. 
The organic phase was washed with a 5% aqueous solution of tetramethylammonium hydroxide and water, and then 
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concentrated to obtain di (4-t-amy)phenyl) iodonium p ntafluorobenzenesuifonat (II 1-1). 
[0123] Other compounds can be synthesized by methods similar to the above. 

(3) Cfosslinking Agents 

Synthesis of Crossllnking Agent [HM-1] 

[01 24] 1 -[a-Methyl-a-(4-hydroxyphenyl) ethyl] -4-[a,a-bis (4-hydrDxyphenyl)ethyl]ben2ene (T risp-PA, manuf actu red 
by Honshu Chemical industry Co., Ltd.) (20 g) was added to a 10% aqueous solution of potassium hydroxide, and 
dissolved by stirring. Then, 60 ml of a 37% aqueous solution of formalin was slowly added to the solution with stirring 
at room temperature for 1 hour. After further stirring at room temperature for 6 hours, the solution was poured Into a 
diluted aqueous solution of sulfurb acid. The precipitate was filtered and thoroughly washed with water, followed by 
recrystalllzation from 30 ml of methanol, thereby obtaining 20 g of a white powder of hydroxymethyl group-containlng- 
phenol derivative [HM-1] having the following structure. The purity thereof was 92% (measured by liquid chromatog- 
raphy). 



CHM- n 




Synthesis of Crossllnking Agent [MM-1 ] 

[0125] Hydroxymethyl group-containing phenol derivative [HM-1] (20 g) obtained In the above-mentioned synthesis 
example was added to 1 liter of methanol, and dissolved by heat stimng. Then, 1 ml of concentrated sulfuric acid was 
added to the resulting solution, followedby heat reflux for 12 hours. After the reaction was tenmlnated, the reaction 
solution was cooled, and 2 g of potassium carbonate was added thereto. The resulting mixture was sufficiently con- 
centrated, followed by addition of 300 ml of ethyl acetate. The solution was washed with water, and then concentrated 
to dryness, thereby obtaining 22 g of white solid of methoxymethyl group-containing phenol derivative [MM-1] having 
the following structure. The purity thereof was 90% (measured by liquid chromatography). 



CMM- n 




[0126] Further, phenol derivatives shown below were synthesized similariy. 
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10 



15 



CHjOH 



HOH2C 



CHM- 2] 




CH2OH 



HOH2C J CH2OH 
OH 



20 




CH2OH CH2OH 
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2. Examples 
EXAMPLES 1 to 3 
(1) Coating of Resists 

[0127] Solutions of photoresist connpositions shown in Tables 1 to 4 were prepared by using the compounds of the 
invention selected from the above-mentioned synthesis examples and compounds for comparison. 
[0128] Each sample solution was filtered through a O.liim filter, and then, applied onto a silicon wafer by use of a 
spin coater, followed by drying at 1 1 0^C for 90 seconds on a vacuum suction type hot plate to obtain a resist film having 
a thickness of 0.3 \im. Thus, samples of Example 1 (Examples 1 -1 to 1 -1 8 and Comparative Examples 1 and 2) shown 
in Table 1 , samples of Example 2 (Examples 2-1 to 2-18 containing organic basb compounds and fluorine or silicon 
surfactants) shown in Table 2, and samples of Example 3 (Examples 3-1 to 3-36 containing monodisperse alkali-soluble 
resins) shown in Tables 3 and 4 were obtained. 



TABLE 1 



<EXAMPLE 1> 




Resin (1.05 g) 


Acid Generating Agent 
(0.07 g) 


Crosslinking Agent (0.28 

g) 


Solvent . (8.5 g) 


Example 1-1 


P-1 


1-1 


MM-1 


PGME 


1-2 


P-2 


1-4 


HM-1 


PGME 


1-3 


P-3 


1-7 


MM-2 


PGME 


1-4 


P-4 


1-9 


MM-3 


PGMEA 


1-5 


P-5 


11-1 


MM-4 


PGMEA 


1-6 


P-6 


11-3 


MM-1 


PGMEA 


1-7 


P-7 


11-5 


MM-5 


PGME 


1-8 


P-8 


III-1 


MM-2 


PGME 


1-9 


P-9 


III-3 


HM-1 


PGME 


1-10 


P-10 


III-7 


MM-3 


PGMEA 


1-11 


P-11 


1-1 


MM-4 


PGMEA 


1-12 


P-1 2 


1-4 


MM-1 


PGMEA 


1-13 


P-1 3 


1-7 


MM-3 


PGME 


1-14 


P-1 


PAG-1 


MM-4 


PGME 


1-15 


P-2 


PAG-2 


MM-1 


PGMEA 


1-16 


P-3 


1-4 


CL-1 


PGME 


1-17 


P-4 


III-1 


CL-2 


PGMEA 


1-18 


P-5 


PAG-2 


CL-2 


PGME 


Comparative Example 
1 


P-1 01 


PAG-1 


CL-2 


PGME 


2 


P-1 02 


PAG-2 


CL-1 


PGME 
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TABLE 2 



5 



15 



20 



45 



<EXAMPLE 2> 


Example 


Resin (1 .05g) 


Acid 

Generating 
Agent (0.07 g) 


Crosslinking 
Agent (0.28g) 


Solvent (8.5g) 


Organic Basic 

Compound 

(0.002g) 


Surfactant (100 
PAM*) 


2-1 


P-1 


1-1 


MM-1 


PGME 


B-1 


W-1 


2-2 


P-2 


1-4 


HM-1 


PGME 


B-1 


W-1 


2-3 


P-3 


1-7 


MM-2 


PGME 


B-1 


W-1 


2-4 


P-4 


1-9 


MM-3 


PGMEA 


B-1 


W-1 


2-5 


P-5 


11-1 




PGMEA 


B-1 


W-1 


2-6 


P-6 


11-3 


MM-1 


PGMEA 


B-1 


W-1 


2-7 


P-7 


11-5 . 


MM-5 


PGME 


B-1 


W-1 


2-8 


P-8 


IIM 


MM-2 


PGME 


B-1 


W-1 


2-9 


P-9 


III-3 


HM-1 


PGME 


B-1 


W-1 


2-10 


P-10 


III-7 


MM-3 


PGMEA 


B-1 


W-1 


2-11 


P-11 


1-1 


MM^ 


PGMEA 


B-1 


W-1 


2-12 


P-1 2 


1-4 


MM-1 


PGMEA 


B-1 


w-1 


2-13 


P-1 3 


1-7 


MM-3 


PGME 


B-1 


w-1 


2-14 


P-1 


PAG-1 


MM-4 


PGME 


B-1 


w-1 


2-15 


P-2 


PAG-2 


MM-1 


PGMEA 


B-1 


w-1 


2-16 


P-3 


1-4 


CL-1 


PGME 


B-1 


w-1 


2-17 


P-4 


IIM 


CL-2 


PGMEA 


B-1 


w-1 


2-18 


P-5 


PAG-2 


CL-2 


PGME 


B-1 


w-1 


*) Based on solid content. 

TABLE 3 


<EXAMPLE 3> 


Example 


Resin (1 .05g) 


Acid 

Generating 
Agent (0.07 g) 


Crosslinking 
Agent (0.28g) 


Solvent (8.5g) 


Organic Bask: 

Compound 

(0.002g) 


Surfactant (100 
PPM*) 


3-1 


P-21 


1-1 


MM-1 


PGME 


B-1 


W-1 


3-2 


P-23 


1-4 


HM-1 


PGME 


B-1 . 


W-1 


3-3 


P-25 


1-7 


MM-2 


PGME 


B-1 


W-1 


3-4 


P-27 


1-9 


MM-3 


PGMEA 


B-1 


W-1 


3-5 


P-29 


11-1 


MM-4 


PGMEA 


B-1 


W-1 


3-6 


P-31 


11-3 


MM-1 


PGMEA 


B-1 


W-1 


3-7 


P-33 


11-5 


MM-5 


PGME 


B-1 


W-1 


3-8 


P-35 


III-1 


MM-2 


PGME 


B-1 


w-1 


3-9 


P-37 


llt-3 


HM-1 


PGME 


B-1 


w-1 


3-10 


P-39 


III-7 


MM-3 


PGMEA 


B-1 


w-1 



) Based on solid content. 
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TABLE 3 (continued) 



15 



25 



35 



45 



50 



<EXAMPLE 3> 


Example 


Resin (1 .05g) 


Acid 

Generating 
Agent (0.07 g) 


Crosslinktng 
Agent (0.28g) 


Solvent (8.5g) 


Organic Basic 

Compound 

(0.002g) 


Surfactant (100 
PPM*) 


3-11 


P-41 


1-1 


MM-4 


PGMEA 


B-1 


W-1 


3-12 


P-43 


1-4 


MM-1 


PGMEA 


B-1 


W-1 


3-13 


P-21 


1-7 


MM-3 


PGME 


B-1 


W-1 


3-14 


P-21 


PAG-1 


MM-4 


PGME 


B-1 


W-1 


3-15 


P-23 


PAG-2 


MM-1 


PGMEA 


B-1 


W-1 


3-16 


P-25 


1-4 


CL-1 


PGME 


B-1 


W-1 


3-17 


P-27 


III-1 


CL-2 


PGMEA 


B-1 


W-1 


3-18 ' 


P-29 


PAG-2 


CL-2 


PGME 


B-1 


W-1 


) Based on solid content. 

TABLE 4 


<EXAMPLE 3> 


Example 


Resin (0.90g) 


Acid 

Generating 
Agent (0.07 g) 


Crosslinking 
Agent (0.43g) 


Solvent (8.5g) 


Organic Basic 

Compound 

(0.002g) 


Surfactant (100 
PAM*) 


3-19 


P-22 


1-1 


MM-1 


PGME 


B-1 


W-1 


3-20 


P-24 


1-4 


HM-1 


PGME 


B-1 


W-1 


3-21 


P-26 


1-7 


MM-2 


PGME 


B-1 


W-1 


3-22 


P-28 


1-9 


MM-3 


PGMEA 


B-1 


W-1 


3-23 


P-30 


11-1 


MM-4 


PGMEA 


B-1 


W-1 


3-24 


P-32 


11-3 


MM-1 


PGMEA 


B-1 


W-1 


3-25 


P-34 


11-5 


MM-5 


PGME 


B-1 


W-1 


3-26 


P-36 


III-1 


MM-2 


PGME 


B-1 


W-1 


3-27 


P-38 


III-3 


HM-1 


PGME 


B-1 


W-1 


3-28 


P-40 


III-7 


MM-3 


PGMEA 


B-1 


W-1 


3-29 


P-42 


1-1 


MM-4 


PGMEA 


B-1 


W-1 


3-30 


P-44 


1-4 


MM-1 


PGMEA 


B-1 


W-1 


3-31 


P-22 


1-7 


MM-3 


PGME 


B-1 


W-1 


3-32 


P-22 


PAG-1 


MM-4 


PGME 


B-1 


W-1 


3-33 


P-24 


PAG-2 


MM-1 


PGMEA 


B-1 


w-1 


3-34 


P-26 


1-4 


CL-1 


PGME 


B-1 


w-1 


3-35 


P-28 


III-1 


CL-2 


PGMEA 


B-1 


w-1 


3-36 


. P-30 


PAG-2 


CL-2 


PGME 


B-1 


w-1 



*) Based on solid contwd. 

55 

[0129] Abbreviations used in Tables 1 to 4 are as follows. Further, the resin compositions are represented by molar 
ratios. 
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<Resins> 
[0130] 
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Mw Hw/Mn 




0 

50 
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Mw/Mn 




COO— C4H9(n) 
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OH 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



P-40 



P-41 



a 

a 



OH 




Mw Mw/Hn 
5 2.300 1.1 




.J3 

.3 



4.800 1.1 




2.100 1.2 



COOnBu 



P-42 



P-43 



P-44 



a 




4,300 1.2 




3,800 1.1 



OMe 




7.700 1.1 



OMe 
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[0131] P-101: 

Poly-(p-hydroxystyrene), Mw: 10,000, Mw/Mn: 1.4 
[0132] P-102: 

Novolak resin 

m-Cresol/p-cresol: 45/55 (molar ratio), Mw: 6500 
<Photo Add Generators> 
[0133] 



PAG-1: PhoS CF3SO3 



PAG-2: 



Br 



CHsCHCHaBr 
Br N^N Br 
BrCHzCHCHi^ N CHsCHCHzBr 



<Crosslinl(ing Agents> 
[0134] 



CL-1; 



CH2OCH3 CHjOCHj 

N N ^N,^ 
CH3OCH2-" y Y CH2OCH3 

CH2 CH2OCH3 

CHjO^ 



CL-2: 



OH 



CHsOCHz-sJv^CHjOCHj 



CH3 



<Solvents> 

[0135] PGME: Propylene glycol monomethyl ether 
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10 



20 



[01 36] PG M EA: Propylene glycol mo nomethyl eth er acetat 

<Organic Basic Compouncls> 

[0137] B-1 : 2,4,5-Trlphenylimldazole 

[01 38] B-2: 1 ,5-Dlazablcyclo [4.3.0]nona-5-ene 

[0139] B-3; 4-Dlmethylaminopyridine 

[0140] B-4: 1 ,8-Diazablcyclo[5.4.0]undeca-7-ene 

[0141] B-5: N-Cyclohexyl-N' -morpholinoethylthlourea 

<Surfactants> 



[0142] W-1 : Troy Sol S-366 (manufactured by Troy Chemical Co., Ltd.) 

[0143] W-2: Megafac F-176 (manufactured by Dainippon Ink & Chemicals, Inc.) 

15 [0144] W-3: Megafac ROB (manufactured by Dainippon Ink & Chemicals, Inc.) 

[0145] W-4: Polyslloxane Polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) 

[0146] W-5: Surf Ion S-382 (manufactured by Asahi Glass Co., Ltd.) 



(2) Preparation of Resist Patterns 



[0147] The resist filnns were each irradiated using an electron beam lithography system (acceleration voltage: 50 
KeV). After the irradiation, the resist films were each heated for 60 seconds on a vacuum suction type hot plat of 1 1 0'^C, 
immersed in a 2.38% by weight aqueous solution of tetramethylammonium hydroxide (TMAH) for 60 seconds, rinsed 
with water for 30 seconds, and dried. The cross-sectional shape of the pattems thus obtained was observed under a 
2s scanning electron microscope. 

(3) Evaluation of Sensitivity, Resolution, PCD Stability and PED Stability 

[01 48] The minimum dose in resolving 0.20-pjn lines (line:space =1:1) was taken as the sensitivity, and the resolution 
30 limit at a dose at that time (lines were separated from spaces to resoh^e the lines) was taken as the resolution. When 
the 0.20-^m lines (line:space = 1 :1) were not resolved, the resolution limit was taken as the resolution, and the dose 
at that time was taken as the sensitivity. 

[0149] A resist film fornned by the method of the above (1) was allowed to stand in an electron beam lithography 
system for 60 minutes, and then, a resist pattern was formed by the method of (2). The minimum pattem size was 
35 detemnined whteh can be resolved at a dose identk:al to the minimum dose detemiined by the method of (3) (in this 
case, irradiation was conducted immediately after the fomnation of the resist film) . When the difference between this 
size and the resolution limit obtained in (3) was within 3%, the resist film was evaluated as it passed the PCD stability 
test. 

[0150] Further, a resist pattem was formed in the same manner as with (2) with the exception that a process of 
40 allowing a resist film to stand in an electron beam lithography system for 60 minutes was added after irradiation. The 
minimum pattem size was detemiined which can be resolved at a dose identk^al to the minimum dose determined by 
the method of (3) (in this case, irradiation was conducted immediately after the fomiation of the resist film). When the 
difference between this size and the resolution limit obtained in (3) was within 3%, the resist film was evaluated as it 
passed the PED stability test. 

,45 [0151] A resist which passed both the PCD stability test and the PED stability test was evaluated as A, a resist whk^h 
passed only one of the PCD stability test and the PED stability test was evaluated as B, and a resist which did not 
pass both the PCD stability test and the PED stability test was evaluated as C. 

[0152] Evaluation results of the resists shown in Tables 1 to 4 are shown in Tables 5 to 8, respectively. 

50 
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TABLE 5 <BXAMPLE 1> 



5 




SenslUvxty 


Resolutilon 


Profile 






(liC/cm'^) 








Exan^le 1-1 


7 


0.10 


Rectangular 


10 


1-2 


10 


0.09 


Ditto 




1-3 


12 


0.12 


Ditto 




1-4 


10 


0.11 


Ditto 


15 


1-5 


14 


0.11 


Ditto 




1-6 


15 


0.13 


Ditto 




1-7 


13 


0.12 


Ditto 


20 


1-8 


12 


0.11 


Ditto 


1-9 


15 


0.11 


Ditto 




1-10 


14 


0.12 


Ditto 




1-11 


16 


- 0.13 


Ditto 


25 


1-12 


17 


0.11 


Ditto 




1-13 


14 


0.11 


Ditto 




1-14 


19 


0.16 


SlightXy reverse 


30 








tapered 


1-15 


22 


0.15 


Ditto 




1-16 


20 


0.16 


Ditto 




1-17 


25 


0.16 


Ditto 


35 


1-18 


26 


0.18 


Ditto 



40 

TABUB 5 <EXAMPLE 1> (cont'd) 



45 





Sensitivi^ 
(pC/cm^') 


ResoluUon 
iym) 


Profile 


Coxopar a ti ve 
Exasqple 1 


45 


0.26 


Reverse tapered 


2 


40 


0.25 


Ditto 



50 
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TABLE 6 



15 



45 



<EXAMPLE2> 




Sensitivity (^iC/cm^ 


Resolution ((im) 


Profile 


PCD, PED Stability 


Example 2-1 


13 


0.08 


Rectangular 


A 


2-2 


19 


0.07 


Ditto 


A 


2-3 


23 


0.10 


Ditto 


A 


2-4 


19 


0.09 


Ditto 


A 


2-5 


27 


0.09 


Ditto 


A 


2-6 


29 


0.10 


Ditto 


A 


2-7 


25 


0.10 


Ditto 


A 


2-8 


23 


0.09 


Ditto 


A 


2-9 


29 


0.09 


Ditto 


A 


2-10 


27 


0.10 


Ditto 


A 


2-11 


30 


0.10 


Ditto 


A 


2-12 


32 


0.09 


Ditto 


A 


2-13 


27 


0.09 


Ditto 


A 


2-14 


36 


0.13 


Slightly reverse tapered 


A 


2-15 


42 


0.12 


Ditto 


A 


2-16 


38 


0.13 


Ditto 


A 


2-17 


48 


0.13 


Ditto 


A 


2-18 


49 


0.14 


Ditto 


A 


TABLE 7 


<EXAMPLE 3> 




Sensitivity (p.C/cm2) 


Resolution (^m) 


Profile 


PCD, PED Stability 


Example 3-1 


7 


0.08 


Rectangular 


A 


3-2 


10 


0.07 


Ditto 


A 


3-3 


12 


0.10 


Ditto 


A 


3-4 


11 


0.09 


Ditto 


A 


3-5 


12 


0.09 


Ditto 


A 


3-6 


10 


0.10 


Ditto 


A 


3-7 


13 


0.10 


Ditto 


A 


3-8 


11 


0.09 


Ditto 


A 


3-9 


10 


0.09 


Ditto 


A 


3-10 


9 


0.10 


Ditto 


A 


3-11 


10 


0.10 


Ditto 


A 


3-12 


11 


0.09 


Ditto 


A 


3-13 


12 


0.09 


Ditto 


A 


3-14 


10 


0.13 


Slightly revers tap red 


A 
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TABLE 7 (continued) 



<EXAMPLE3> 




Sensitivity (^iC/cm^ 


Resolution (^m) 


Profile 


PCD, PED Stability 


3-15 


9 


0.12 


Ditto 


A 


3-16 


11 


0.13 


Ditto 


A 


3-17 


12 


0.13 


Ditto 


A 


3-18 


13 


0.14 


Ditto 


A 


TABLE 8 


<EXAMPLE3> 




Sensitivity (nC/cnn^ 


Resolution (pm) 


Profile Profile 


PCD, PED Stability 


Exannpie 3-19 


8 


0.08 


Rectangular 


A 


3-20 


10 


0.07 


Ditto 


A 


3-21 


12 


0.10 


Ditto 


A 


3-22 


12 


0.09 


Ditto 


A 


3-23 


11 


0,09 


Ditto 


A 


3-24 


10 


0.10 


Ditto 


A 


3-25 


12 


0.10 


Ditto 


A 


3-26 


11 


0.09 


Ditto 


A 


3-27 


10 


0.09 


Ditto 


A 


3-28 


12 


0.10 


Ditto 


A 


3-29 


11 


0.10 


Ditto 


A 


3-30 


13 


0.09 


Ditto 


A 


3-31 


9 


0.09 


Ditto 


A 


3-32 


11 


0.13 


Slightly reverse tapered 


A 


3-33 


13 


0.12 


Ditto 


A 


3-34 


12 


0.13 


Ditto 


A 


3-35 


11 


0.13 


Ditto 


A 


3-36 


10 


0.14 


Ditto 


A 



(4) Description of Evaluation Results 

45 

[0153] The results of Tables 5 to 8 show that the resist composition using the alkali-soluble resin according to the 
invention, the crosslinking agent other than the prefenned embodiments of the invention and the acid generating agent 
other than the agents represented by general formulas (I) to (III) [Example 1-18] is higher in sensitivity and resolution 
than the compositions using the alkali-soluble resins other than the resins of the invention, and the crosslinking agents 

50 and acid generatng agents other than the preferred embodiments of the invention [Comparative Examples 1 and 2], 
and exhibits a rectangular profile, whteh shows that the resist composition of the invention has excellent properties. 
These effects are achieved under the conditions that the negative-working resist composition having the alkali-soluble 
resin according to the invention is in^adiated with an electron beam or an X-ray, and have hitherto been unknown at all. 
[0154] The compositions further containing the acid generating agents represented by general fomnulas (I) to (III) 

55 together with the alkali-soluble resins according to the invention [Examples 1-16 and 1 -1 7], or the compositions further 
containing the pretended emlwdiments of the crosslinking agents together with the alkali-soluble resins according to 
the invention [Examples 1-14 and 1 -15] show more xcellent sensitivity, resolution and profiles. 
[0155] Further, it should be mentioned specially that the compositions each containing three of the alkali-soluble 
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resin according to the invention, the preferred Crosslin king agent and the preferred acid generating agent together 
[Examples 1-1 to 1-13] show particularly excellent sensitivity, resolution and profile perfomnance. These reveal that 
the compositions each containing all of the alkali-soluble resin, acid generating agent and crossllnking agent according 
to the invention are particularly preferred, and exhibit extremely excellent perfonmance. 
5 [0156] Furthermore, Examples 2-1 to 2-1 8 show that the addition of the organic basic compounds andth surfactants 
achieves improvements In performance (PCD stability, PED stability and resolution). 

[0157] In addition. Examples 3-1 to 3-36 Indicate that the use of the monodisperse alkali-soluble resins significantly 
improves sensitivity, and that in that case, a molecular weight of 2,000 to 9,000 gives more excellent effects. 
[0158] In Examples 1 , 2 and 3, the organic basic compound B-l was changed to B-2, B-3, B-4 and B-5. As a result, 
10 siniilar performance was obtained. 

[0159] Further, in Examples 1 , 2 and 3, the surfactant W-1 was changed to W-2, W-3, W-4 and W-5. As a result, 
similar performance was obtained. 

[01 60] Furthermore, in Examples 1 , 2 and 3, the solvent was changed to propylene glycol monomethyl ether acetate/ 
propylene glycol monomethyl ether (80/20 by weight ratio), leading to similar results. 

15 

EXAMPLE 4 



[0161] Each resist solution of Example 2 was applied onto an 8-inch silicon wafer and treated in the same manner 
as described above to obtain a resist coating film for measuring inplane uniformity. The thickness of this coating film 
20 was measured with Lambda A nnanufactured by Dainippon Screen Mfg. Co., Ltd. uniformly at 36 positions so as to 
form a cross along a diametric direction of the wafer. The case that three times the standard deviation of the meas- 
urements was less than 50 was evaluated as A, and 50 or more as C. Results thereof were all A. 

EXAMPLE 5 <Patteming by Equimultiple X-Ray Exposure> 

25 

[01 62] Using the respective resist compositions of Example 2-1 , and Comparative Examples 1 and 2, 0.40-^im thick 
resist f ilnns were obtained in the same manner as with Example 1 . Then, patterning was canied out in the same manner 
as with Example 1 with the exception that an equimultiple X-ray exposure apparatus (gap value: 20 nm) was used, 
and the resist perfomnance (sensitivity, resolution and pattern shape) was evaluated in the same manner as with Ex- 
30 ample 1 . Results of the evaluation are shown in Table 9. 



TABLES 



Resist Composition 


Sensitivity (nrvJ/cm^) 


Resolutton (^im) 


Pattern Shape 


Example 2-1 


100 


0.09 


Rectangular 


Comparative Example 1 


170 


0.20 


Tapered 


Comparative Example 2 


200 


0.18 


Tapered 



40 [0163] The resuitsshowninTable9revealthattheresistcompositionofthe invention also exhibitsextremely excellent 
performance in X-ray exposure. 

[Synthesis Example 1 (Synthesis of Resin Example (1))] 

45 [0164] n-Butyl lithium (0.004 mol) was added as a polymerization catalyst to 500 ml of dehydrated tetrahydrofuran. 
After cooling to -78*C, a solution of 35 g (0.20 mol) of 3-t-butoxystyrene in 20 ml of tetrahydrofuran, which was cooled 
to the same temperature, -78 "C, was added thereto, followed by stimng for 1 hour. Then, 1 0 ml of methanol was added 
to the reaction solution to terminate the polymerization reaction. The resulting reaction solution was poured into meth- 
anol with stimng, thereby precipitating a white resin. After filtered and dried, the resin precipitated was dissolved in 

50 300 ml of acetone, and 3 ml of 36% hydrochloric acid was added thereto, followed by heating and stimng at 60®C for 
8 hours. Then, the resulting solution was poured into 2 liters of ion-exchanged water with stirring, thereby precipitating 
a white resin. After washing with ion-exchanged water and drying under reduced pressure, 19.2 g of resin (1) of the 
Invention. It was confinned by NMR measurement that the structure of the resin corresponds to compound example 
(1). The measurement of the molecular weight by GPC gave a weight average molecular weight (Mw: converted to 

55 polystyrene) of 5,1 00 and a molecular weight distribution (Mw/Mn) of 1.1. 
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[Synthesis Example 2 (Synthesis of Resin Exanrtple (19))] 

[0165] Resin (19) of the invention (18.6 g) was synthesized in the same manner as with Synthesis Example 1 with 
exception that 24.7 g (0. 1 4 mol) of 3-t-butoxystyrene and 1 0.6 g (0.06 mo!) of 4-t-butoxystyrene wer used instead of 
5 35 g of 3-t-butoxystyreneusedin Synthesis ExampI 1 . It was confinned by NMR m asurement that the structure of 
the resin con-esponds to compound example (1). The m asurement of the molecular weight by GPC gav a weight 
average molecular weight (Mw: converted to polystyrene) of 4,900 and a molecular weight distribution (Mw/Mn) of 1 .1 . 

[Synthesis Example 3 (Synthesis of Resin Example (24))] 

10 

[0166] Resin (24) of the invention (1 9.6 g) was synthesized in the same manner as with Synthesis Example 1 with 
exception that 30 g (0.17 mol) of 3-t-butoxystyrene and 4.9 g (0.03 mol) of 3,4-dimethoxystyrene were used instead 
of 35 g of 3-t-butoxy-styrene used in Synthesis Example 1 . It was confirmed by NMR measurement that the structure 
of the resin corresponds to compound example (1 ). The measurement of the molecular weight by GPC gave a weight 
15 average molecular weight (Mw: converted to polystyrene) of 4,500 and a molecular weight distribution (Mw/Mn) of 1 .2. 

[Synthesis Example 4 (Synthesis of Resin Example (35))] 

[01671 Thirty grams (0.17 mol) of 3-t-butoxystyrene, 4.6 g (0.03 mol) of 1-vinylnaphthalene and 50 mg of a polym- 
20 erization initiator, 2,2'-azobis (2,4-dimethyhfaleronitrile (trade name: V-65, manufactured by Wal<o Pure Chemical In- 
dustries, Ltd..) were dissolved in 80 ml of 1-methoxy-2-propanol. The resulting solution was added dropwise to 20 ml 
of 1-methoxy-2-propanol heated at 70*C with stirring in a stream of nitrogen for 2 hours. After 2 hours, 50 mg of the 
initiator was further added thereto, followed by further reaction for 2 hours. Then, the temperature of the reaction 
solution was elevated to 90*'C, and stining was continued for 1 hour. After allowed to cool, the reaction solution was 
25 poured into 1 liter of ion -exchanged water with vigorous stirring, thereby precipitating a white resin. After filtered and 
dried, the resin precipitated was dissolved in 300 ml of acetone, and 3 ml of 36% hydrochloric acid was added thereto, 
followed by heating and stining at 60"Cfor 8 hours. Then, the resulting solution was poured into2 liters of ion-exchanged 
waterwithstirring, thereby precipitating a white resin. Afterwashing with ion-exchanged water and drying under reduced 
pressure, the resin was dissolved in methanol, and reprecipltation with hexane was repeated twice to obtain 15.8 g of 
30 resin (35) of the invention. It was confirmed by NMR measurement that the structure of the resin corresponds to com- 
pound example (35). The measurement of the molecular weight by GPC gave a weight average molecular weight (Mw: 
converted to polystyrene) of 6,800 and a molecular weight distribution (Mw/Mn) of 1 .3. 

EXAMPLES 6 TO 20 AND COMPARATIVE EXAMPLES 3 AND 4 

35 

(1) Coating of Resists 

[01 68] Resist compositions of the invention were prepared by dissolving components shown in Table 1 0 given below 
in 6.8 g of propylene glycol monomethyl ether acetate/1 .7 g of propylene glycolmonomethyl ether, and adding 0.01 gof 
40 triphenylimidazole and 0.01 g of Megafac R08 (manufactured by Dalnippon Ink & Chemicals, Inc..) as a surfactant. 
[01 69] Each sample solution was filtered through a 0.1 -\im teflon fitter, and then, applied onto a silicon wafer treated 
with hexamethyldisilazane by use of a spin coater, followed by drying at 110*C for 90 seconds on a vacuum close 
contact type hot plate to obtain a resist film having a thickness of 0.3 (im. 

45 TABLE 10 





Resin (1 .05g) 


Acid Generating Agent (0.07 g) 


Crosslinking Agent (0.18 g) 


Example 6 


(1) 


{PAG3-22) 


MM-1 


Example 7 


(1) 


(PAG4-7) 


MM-2 


Example 8 


(1) 


(PAG4-5)/(PAG4-7)=1/1 


MM-3 


Example 9 


(4) 


(PAG3-21) 


HM-1 


Example 1 0 


(8) 


(PAG4-6) 


MM-1 


Example 1 1 


(19) 


(PAG4-7)/(PAG6-1 5)=1/1 


MM-1 


ExampI 12 


(20) 


(PAG3-21 )/(PAG4-7>=1/1 


MM-1 
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TABLE 10 (continued) 





Resin (1.05g) 


Acid Generating Agent (0.07 g) 


Crosslinking Agent (0.18 g) 


Example 13 


(24) 


(PAG3-21) 


MM-4 


Example 14 


(25) 


(PAG4-7)/(PAG5-7>=1/1 


MM-2 


Example 15 


(35) 


(PAG4-7) 


MM-4 


Example 1 6 


(40) 


(PAG3-22) 


MM-1 


Example 1 7 


(44) 


(PAG4-7) 


MM-1 


Example 1 8 


(52) 


(PAG4-5)/(PAG4-7)=1/1 


HM-1 


Example 1 9 


(1) 


(PAG4-7) 


CL-1 


Example 20 


(1) 


(PAG4-7)/(PAG6-1 5)=1/1 


CL-2 


Comparative Example 3 


Resin (a) 


(PAG4-4) 


MM-1 


Comparative Example 4 


Resin (b) 


(PAG4-5) 


CL-1 



10 



15 



20 



[0170] In Table 1 0, the composition (molar ratio) and the molecular weight of resins (4), (8), (1 9), (20), (24), (25), 
(35), (40), (44) and (52) are as follows, and resin (a) and resin (b) used in Comparative Examples 3 and 4 are as follows: 



25 



30 



(4):Mw = 
(8): Mw=: 



(19) 


x/y= 


(20) 


x/y= 


(24) 


x/y= 


(25) 


x^ = 


(35) 


x/y= 


(40) 


x/y = 


(44) 


x/y/z 


(52) 


x/y = 



5,500, Mw/Mn = 1.2 
6,400, Mw/Mn = 1.2 
70/30, Mw = 4,900. Mw/Mn = 1 .1 
: 85/15, Mw = 5,800. Mw/Mn = 1.1 
85/15, Mw = 4,500, Mw/Mn = 1 .2 
85/15, Mw = 5,200, Mw/Mn = 1,2 
85/15, Mw = 6,800, Mw/Mn = 1.3 
80/20, Mw = 6,300, Mw/Mn = 1 .1 
= 85/1 0/5. Mw = 4,600. Mw/Mn = 1 .2 
80/20, Mw = 7.200, Mw/Mn = 1 .3 



35 



[0171] Resin (a) in Comparative Example 3: Poly(3-hydroxystyrene) (structure example (1 )), Mw = 9,700, Mw/Mn = 
1.8 

[0172] Resin (b) in Comparative Example 4: Poly{4-hydroxystyrene), Mw = 5,900, Mw/Mn = 1 .1 

[01 73] When two kinds of acid generating agents are used in Table 1 0, ratios are by weight. The crosslinking agents 

MM-1 to MM-4 . HM-1 . CL-1 and CL-2 are described above. 



(2) Preparation of Resist Patterns 

[0174] The resist films were each irradiated using an electron beam lithography system (acceleration voltage: 50 
KeV). After the irradiation, the resist films were each heated for 60 seconds on a vacuum suction type hot plat of 1 1 0*C, 
Immersed in a 2.38% aqueous solution of tetramethylammonium hydroxide (TMAH) for 60 seconds, rinsed with water 
for 30 seconds, and dried. The cross-sectional shape of thepattems thus obtained was observed under a scanning 
electron microscope. 

[0175] The irradiation energy in resolving 0.2p-jim lines (line:space =1:1) was taken as the sensitivity, and the res- 
olution limit at a dose at that time (lines were separated from spaces to resolve the lines) was taken as the resolution. 
When the 0.20-^ lines (line:space =1:1) were not resolved, the resolution limit was taken as the resolution, and the 
irradiation energy at that time was taken as the sensitivity. 
[01 78] Evaluation results thereof are shown in Table 1 1 . 



TABLE 11 





Sensitivity (jiC/cm^) 


Resolution f\im) 


Profile 


Example 6 


6 


0.09 


Rectangular 


Example 7 


6 


0.09 


Ditto 
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TABLE 11 (continued) 





Sensitivity (p,C/cm2) 


Resolution iyjv) 


Profile 


Exannple 8 


4 


0.09 


Ditto 


Example 9 


6 


0.10 


Ditto 


Example 1 0 


5 


0.09 


Ditto 


Example 11 


5 


0.09 


Ditto 


Example 12 


5 


0.09 


Ditto 


Example 13 


4 


0.09 


Ditto 


Example 1 4 


5 


0.09 


Ditto 


Example 15 


4 


0.10 


Ditto 


Exanrtple 1 6 


5 


0.10 


Ditto 


Example 1 7 


5 


0.10 


Ditto 


Example 1 8 


7 


0.10 


Ditto 


Example 1 9 


5 


0.10 


Ditto 


Example 20 


6 


0.10 


Ditto 


Comparative Example 3 


15 


0.12 


Slightly tapered 


Comparative Example 4 


24 


0.25 


Tapered 



[0177] The results shown in Table 1 1 reveal that the negative-working resist compositions in which the compositions 
of the invention are combined are greatly excellent in sensitivity, and also improved In resolution and profiles, compared 
with the compositions of Comparative Examples. 

EXAMPLES 21 to 25 AND COMPARATIVE EXAMPLE 5 



[0178] Resist films prepared in the same manner as described above using the compositions of Examples 7, 12, 13, 
15 and 16, and Comparative Example 4 were each irradiated at an acceleration voltage of 100 KeV using an electron 
beam lithography system. After the irradiation, the resist films were each heated, developed and rinsed in the same 
manner as with the above-mentioned example. The pattems thus obtained were observed under a scanning electron 
microscope. Results of the evaluation made in the same manner as with the above-mentioned example are shown in 
Table 12. 



TABLE 12 





Sensitivity ftiC/cm^j 


Resolution (^im) 


Profile 


Example 21 


10 


0.07 


Rectangular 


Example 22 


9 


0.08 


Ditto 


Example 23 


9 


0.08 


Ditto 


Example 24 


9 


0.08 


Ditto 


Example 25 


10 


0.09 


Ditto 


Comparative Example 5 


42 


0.22 


Tapered 



[0179] The results shown in Table 12 Indicate that the negative-working resist compositions of the invention also 
exhibit good sensitivity and resolution in electron beam irradiation at high acceleration voltage, compared with the 
composition of Comparative Example 5. 

[0180] According to the invention, the negative-working resist compositions for electron beams or X-rays excellent 
in sensitivity and resolution and having rectangular profiles even at high acceleration voltage can be provided. 
[0181] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can b mad therein without departing 
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from the spirit and scope thereof. 



Claims 

1 . A chemical amplrftcation system negative-working resist composition for an lectron beam and/or an X-ray com- 
prising an alkali-soluble resin having stmctural units represented by the following general fomnula (a), a compound 
generating an acid by in^adiation of the electron beam or the X-ray, and a crosslinking agent which Initiates crosslink- 
ing by the acid: 



wherein represents a hydrogen atom, a halogen atom, a cyano group, or an alkyi, oxyalkyi or haloalkyi group 
which may have a substituent; X represents an integer of from 0 to 3; R2 represents a hydrogen atom, or an alkyI, 
cycloalkyi, alkenyl, aralkyi, aryl or acyl group which may have a substituent, wherein aplurallty of F^' s are present, 
theymaybe the same or different; R3 represents a hydrogen atom, a halogen atom, a cyano atom, or an alkyl, 
cycloalkyi, alkenyl, aralkyi or aryl group which may have a substituent, wherein a plurality of H^* s are present, 
they may be the same or different; two of the plurality of R2' s, two of the plurality of F^'s, or R2 and R3 may combine 
with each other to forni a ring; represents a single bond, or a divalent alkylene, alkenylene, cycloalkylene or 
arylene group which may have a substituent, or -0-, -SO2-, -O-CO-R5-, -CO-O-Re- or -CO-N{R7)-Ra-, wherein R5, 
Rq and Rg, whk:h may be the same or different, each represents a single bond, or a divalent alkylene, alkenylene, 
cycloalkylene or arylene group which may have an ether group, an ester group, an amido group, a urethane group 
or a ureido group and may further have a substituent, and Hj represents a hydrogen atom, or an alkyl, cycloalkyi, 
aralkyi or aryl group which may have a substituent. 

2. The negative-working resist composition according to claim 1 , wherein the alkali-soluble resin is a resin containing 
structural units represented by the following general fomnula (1) : 



wherein R-ia represents a hydrogen atom or a methyl group. 

3. The negative-working resist composition accordingto claim 1 , wherein the alkali-soluble resin is a resin represented 
by the following general fomnula (2): 




(a) 



R 



la 




(1) 
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wherein ^^^Xo each independently represents a hydrogen atom or a nnethyl group; Rgato H^^^ each represents 
a hydrogen atom, an alkyi or alkoxyl group having from 1 to 4 carbon atoms, a hydroxy! group or -C (=0) 0-Ri4a, 
wherein represents a hydrogen atom or an alky! group having from 1 to 4 carbon atonns; R^2a represents 
-COOR^sa, wherein represents a hydrogen atom or an alkyi group having from 1 to 4 carbon atoms; and 0<l 
g 100, 0 ^ m,n,o,p<100 and l+m+n-K>4-p=100. 

The negative-working resist composition according to claim 1, wherein the radiation-sensitive acid generating 
agent contains at least one of compounds represented by the following general formulas (i) to (III): 
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^29 ^28 ^33 R34 



35 



(III) 



^31 R32 1^37 R36 



wherein to R37 each represents a hydrogen atom, an alkyi group, an alkoxyt group, a hydroxy! group, a halogen 
atom or a group indicated by -S-R33, wherein R38 represents an alkyI group or an aryl group; to R3g may be 
the same or different; for R^ to R^g, two or more selected therefrom may be combined with each other directly at 
their ends or through an element selected from the group consisting of oxygen, sulfur and nitrogen to fonn a ring 
stmcture, for R^e ^27. ^ ""9 structure may also be formed similarly, and for R28 to R37, a ring structure may 
also be fonned similarly; and X' represents an anion of an acid selected from the group consisting of benzenesul- 
fonk: acid, naphthalenesutfonk: acid and anthracenesutfonic acid, or an acid having at least one organk: group 
selected from the group consisting of an alky I group, an alkoxyl group, an acyl group, an acyloxyl group, a sulfonyl 
group, a suifonyloxy group, a sulfonylamino group, an aryl group, an aralkyi group and an alkoxycartx}nyt group. 

The negative-working resist composition according to claim 1 , wherein the crosslinking agent which initiates 
crosstlnking by the acid is a phenol derivative having from 3 to 5 benzene ring atomic groups in its molecule and 
a molecular weight of 1200 or less, each of the benzene ring atomte groups having two or more hydroxymethyl 
groups and/or alkoxymethyl groups. 

The negative-working resist composition according to claim 1 which further comprises an organ basic compound. 

The negative-working resist composition according to claim 1 which further comprises a fluorine and/or silicon 
surfactant. 

The negative-woricing resist composition according to daim 1 , wherein the alkali-soluble resin has a molecular 
weight distribution (Mw/Mn) of from 1 .0 to 1 .5. 

The negative-woricing resist composition according to claim 1 , wherein the alkali-sotuble resin has a weight average 
molecular weight (Mw) of from 2000 to 9000. 
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